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BY  W.  OPH~JLS,  M.  D. 
(From the Pathological Laboratory,  Cooper Medical College, 8an Francisco.) 
In  June,  1900,  Dr.  It.  C.  Moitltt  and  myself  published,  in  the 
Philadelphia  Medical  Journal,  a  preliminary  report  on  "A  Hew 
Pathogenic  Mould,"  which  formerly had  been  described  as  a  proto- 
zoon,  and  had  been  named  by Rixford  and  Gilchrist,  Coccidioides 
immitis and Coccidioides  pyogenes.  It is the object of this paper to 
give  a  more  detailed  description  of  the  observations  communicated 
in  the  former  article,  and  also  to  add  some  further  developments 
which largely confirm the conclusions which we then  drew from our 
first  investigations. 
I  have also had the good fortune to find another  case of this  form 
of infection in a human being, a case that derives an additional inter- 
est  from the  fact that  the  localizations  of the  disease  in  it  were  in 
many ways different from those observed in former cases of this kind. 
Unfortunately  the  post-mortem  examination  in  this  last  case  was 
held  very  late  after  death  and  the  usual  routine  bacteriological 
examination  was,  therefore,  omitted.  The  unusual  nature  of  the 
case was not apparent at autopsy and was recognized only when fresh 
material  for  animal  experiments  could no  longer  be obtained,  The 
appearance of the parasites in the tissues is so typical,  however, that 
a  doubt whether  this  case belongs to the  same category seems to be 
hardly justified. 
Apart  from a  few early reports of coccidiosis in the human  being 
(Hadden,  Silcock, Bland-Sutton,  all mentioned in The Lancet, 1889, 
II~  and  in  the  Centralblatt fiir allgemeine Pathologie und patholo- 
g~sche Anatoraie, 1894), of which I  have not been able to find descrip- 
tions  accurate  enough  to  decide whether  they belong to our class  of 
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infections of this kind in the human being recorded in the literature. 
The first ease was found by Posadas in Buenos Ayres, and briefly des- 
eribed by Wernicke in 1892, in the Centralblatt  fib" Bacteriologic  und 
Parasitenlcunde.  With his description of the ease he gives some micro- 
photographs which do not leave ~[ny doubt about the nature of the in- 
fection.  Later, after the death of the patient, Posadas published a more 
elaborate  paper  on  this  same  ease  in  the  l~evue  de  ehirurgie  for 
3/Iareh,  1900.  The  original  unfortunately  was not  accessible to me 
and I  had to be satisfied with a review in the British Medical Journal 
for April,  1900.  The other three eases were observed in California, 
two of them by Dr.  Rixford  (later  described by him  in conjunction 
with  Dr.  Gilchrist  in  the Johns Hop/sins  Hospital Reports,  I)  and 
the third one by Dr.  D. W. 3/[ontgomery (British Journa~ of Derm., 
XII, 1900).  In addition to these and the two eases described in this 
paper,  I  know of one more instance that was also seen by Dr. D. W. 
:~[ontgomery ~  and  examined  by Dr.  A.  :E.  Taylor.  Unformnate]y 
the  patient  left  San  Francisco  before I  could  avail  myself o~ their 
invitation  to examine  him~ and  at  the  same  time  make  some inocu- 
lation  experiments.  It seems, therefore, that  the disease is not such 
a  very rare  one  in  California,  and  we can  hope  that  new  material 
will be forthcoming that  will enable us to obtain more positive data 
about  the  one  important  point  that  now  remains  to  be  decided, 
namely, the source of spontaneous infection.  It has remained doubt- 
ful whether the  disease is transmitted  from man to man,  or whether 
the  parasite  lives  somewhere  in  nature,  or,  what  I  suspect  very 
strongly, whether the disease is originally an animal disease and only 
occasionally transmitted  to man. 
All  former  eases,  with  the  exception  of  ~[ontgomery's,  seem 
to be examples of primary infection  of the  skin.  Rixford and  GiI- 
christ  directly speak of a  protozoie dermatitis.  It  is  quite  remark- 
able that  both  eases that  I  have  seen  should  be  different  from  this 
usual type.  In both of them there were no primary cutaneous lesions 
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at all, and the infection had evidently started in the lungs and thence 
spread to  other  organs.  In  the  first case,  ~ the  one  studied by  Dr. 
Mot~itt and myself, the first clinical symptoms appeared in the chest, 
and at autopsy a very extensive involvement of the lungs was found. 
There was also an empyema on the left side in which the parasitic 
organisms  and  pseudo-diphtheria  bacilli  were  present.  From  the 
lungs the disease had extended through adhesions into the diaphragm 
and  further  down  to  the  retroperitoneal lymphglands.  There  had 
also  occurred a  generalization  of  the  disease  by way of  the  blood 
current leading to the formation of miliary abscesses  in the spleen, 
submiliary  tubercles  in  the  liver,  tubercles  and  chronic  miliary 
abscesses  in  both  kidneys,  purulent  periostitis  and  ostitis  of  the 
frontal bone  and both  tibias,  with  formation of  abscesses  and  per- 
foration  through  the  skin,  suppurative  inflammation of  both  knee- 
joints, the right shoulder, both elbows and both wrists. 
In the second case there were old lesions in the lungs.  From the 
lungs  the  pericardium  had  become  infected,  an  infection  which 
resulted in an obliteration of the pericardial sac by fibrous adhesions 
and  the  formation  of  granulation  tissue  with  submiliary  tubercles 
and miliary abscesses  in  the pericardium at  the basis  of the heart. 
Either  in  the  lungs  or  the  pericardium--this  point  could  not  be 
definitely  decided--the  parasites  must  have  gained  access  to  the 
blood current, the infection of the blood resulting in this  case in  a 
basilar  tubercular  meningitis  and  a  miliary  tuberculosis  of  the 
spleen and both kidneys. 
These observations prove the occurrence of a  primary pulmonary 
infection in this disease very probably due to inhalation of the para- 
sitic  organism which  causes  it.  As  yet  it  is  impossible  to  decide 
whether a  primary intestinal  infection by ingestion of the parasite 
is also possible. 
In  all  six  cases the pronounced tendency of the disease not  only 
to produce very extensive lesions at the point of infection but also to 
spread by the way of the lymph- and blood-current is very marked. 
1 See detailed  description  of cases  at  the  end  of the paper. 
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All cases ended with the death of the patient.  Both facts prove that 
the human  being when once infected is eminently  susceptible to  the 
disease,  and the scarcity of cases can be explained only by assuming 
that  an occasion for infection  is very rarely given. 
~O~PHOLOGY O~ T~E ~ARASIT~S ~  TEE  T~SSU~S. 
AS  far  as  the  appearance  of  the  parasites  in  the  tissues  is  con- 
cerned, I  have very little to add to the excellent description and very 
instructive  plates  given by Rixford  and  Gilchrist  in  their  paper  in 
the Johns HopT~ins Hospital Reports. 
The adult parasites  are almost perfectly spherical organisms meas- 
uring  about  30  t~ in  diameter.  They consist  of  a  central  granular 
protoplasmic body and  a  peripheral  double-contoured, highly refrac- 
tile membrane.  The thickness  of the membrane  varies  a  little,  but 
in  normal  individuals  it  always has  a  considerable  diameter--from 
about a fifth to a tenth of the radius of the whole parasite.  Whether 
there is a  definite nucleus has not as yet been made out.  The proto- 
plasm stains well with nuclear  dyes and there  are frequently larger, 
intensely  staining  spots  in  it.  Vacuoles  may  be seen,  but  are  not 
constant nor even very frequent.' 
In  old lesions  one  frequently encounters  what  seem  to  be degen- 
erated  forms.  ]Either  they  show  numerous  small  vacuoles,  or  the 
protoplasm  shrinks,  and  the  natural  result  is  the  falling  together 
and folding in of the membrane.  Such  a form is represented in the 
lower  half  of  Fig.  17.  As  I  have  found  such  forms  not  only  in 
sections  but  also  sometimes  in  fresh  teased  specimens,  I  do  not 
believe that  they can  be regarded  as  artefacts,  a  possibility  that  is 
discussed  by Rixford  and  Gilchrist. 
Under  favorable  conditions  the  adult  forms  begin  to  sporulate. 
The  first step  is  a  cleavage of the  protoplasm  inside  of the  capsule 
into  two  parts.'  These  divide  into  four  and  so  on,  until  a  large 
number of spores have been formed,  as is well described in Rixford 
and  Gi]ehrist's  paper  and  shown in their  Figs.  8,  9,  10,  11  and  1~. 
In Rixford  and Gilchrist's  Case II  they  were  almost  constant. 
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in Plate XXVIII.  The spores formed in this way are quite numer- 
ous, usually a hundred and more.  Their protoplasm is homogeneous 
and highly refractile.  The ultimate form of the spores seems to be 
largely the effect of their being crowded together very closely in the 
more or less unyielding capsule.  The central  ones are usually more 
or less S-like and sickel-shaped.  The peripheral  ones have the form 
of biconcave disks  or biconcave plates  of varying  forms.  One  also 
finds pyramidal forms with more or less concave surfaces.  (Exam- 
ples o£ sporulating forms are found in Figs.  5, 16 and 23.) 
:Neither  Rixford  and  Gilchrist  nor  I  have  ever  been  able  to  see 
any active motility in these spores.  They sometimes stain very well 
with  nuclear  dyes,  at  other  times  very  badly  or  not  at  all.  I 
have the impression that  the very last stages are the  ones that  stain 
so poorly.  At least this much is sure, that  after they have been dis- 
charged  into  the  tissues  through  a  tear  in  the  capsulc  a  step  that 
now  follows--it  is  very  difficult  or  impossible  to  recognize  them, 
because they do not seem to take either nuclear or protoplasmic stains 
in a decided manner.  In a few instances Rixford and Gilchrist have 
succeeded in staining these free spores with Gram's method. 
On  account  of this  difficulty of recognizing  the  spores  after  they 
have been discharged from the capsule,  it is impossible to make any 
very positive statements  as to how the young parasites  develop from 
the spores.  It is,  however, likely that  they originate  from them by 
simple enlargement,  in such a way that the protoplasm in the center 
of the spores enlarges and the spore membrane also grows and  devel- 
ops  into  the  double-contoured  membrane  which  envelops  the  adult 
parasite.  At first there seems to be a  considerable stretching  of the 
membrane.  At  least  the  younger  forms  certainly  have  a  thinner 
membrane than the older ones. 
Sometimes, at least in my first case, the development of the young 
forms  from the  spores takes place  within  the  old membrane.  This 
seems to occur when the development of the parasite  is an especially 
rapid one.  The young forms certainly develop into the adult forms 
by simple enlargement.  One can easily trace the different stages of 
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In their Fig.  17 on Plate XXIX,  and Fig.  50 on Plate XXXIII, 
Rixford and Gilchrist depict forms in which the outer surface of the 
membrane  is  full  of  small  prickles.  The  former  is  a  sporulating, 
the latter an adult form.  They state that they observed these forms 
only in two or three instances out of many hundreds.  I  have never 
seen  forms with  prickles  as  long as  those represented  in  the  plates, 
which really would be better described as bristles.  Short irregulari- 
ties on the outside of the membrane  and numerous  short prickles  in 
the same place, however, I  have met with very frequently.  They are 
best  seen  in  fresh  specimens  and  so  far  as  my  observations  go  are 
almost constant on the outside of the membranes  of the  sporulating 
forms. 
Like Rixford  and  Gilehrist,  I  also  have been  unable to  find  any 
definite budding forms.  The examples nearest to it, that I  have ever 
seen,  are represented  in :Fig.  29  and  Fig.  30.  In the  latter  it  cer- 
tainly looks more as if there was a  formation of a  small pedicle than 
that of a  bud. 
I  have, however, quite frequently, especially in my animal experi- 
ments, seen two young parasites  lying directly adjoining one another 
so that both together formed a  figure 8.  I  call these, for the sake of 
brevity,  ilgure-8  forms.  In  this  case  each  of  the  two  parasites  is 
sometimes surrounded  by a  distinct membrane,  as  is  shown in Rix- 
ford  and  Gilchrist's  Fig.  34  on  plate  XXX,  but  at  other times the 
two capsules are fused into one at the point where the parasites touch 
one another,  so that forms are  produced which  in some cases might 
easily arouse the suspicion of a budding.  Itowever, the two parasites 
were  always  of  the  same  size  and  there  was  never  any  direct  con- 
tinuity of the protoplasm. 
Rixford  and  Gilchrist  are  undecided  whether  in  their  two  cases 
they have  to  do  with  one  and  the  same  organism  or  whether  the 
organisms in the two cases,  although closely related, belong to differ- 
ent  species.  They  say  after  the  description  of  the  second  form: 4 
"  It  is  not even  certain  that  the  parasites  in  the  two  cases  are  not 
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identical  species.  Still  the  formation  of  the  spores  peripherally 
and the abundant production of pus with the second form of parasite 
are  such  striking  peculiarities  that  for  the  present  we  propose  the 
name  Coccidioides  pyogenes  (in  contradistinction  to  Coccidioides 
immitis)  for this second variety of the parasite." 
Both in my human cases and also in my animal experiments, which 
were all made with the parasites  obtained from Case I,  I  have seen 
so many striking  differences in the number  and  arrangement  of the 
spores formed that  I  hardly think this point can be used as a  means 
of  differentiation  between  closely  related  species.  As  far  as  the 
abundant  formation of pus in their  Case II  is concerned,  I  hope to 
be able to prove further  on that  this  feature was due not to a  differ- 
ence in the parasites,  but to the presence of large numbers  of sporu- 
lating forms.  I  believe, therefore, that it will be better, until further 
evidence to  the  contrary  is  forthcoming,  to  regard  the  two  cases  of 
Rixford and Gilchrist  as infections with the same organism. 
Rixford and Gilchrist have already shown that with material  con- 
taining  the  protozoon-like  bodies  just  described  it  is  possible  to 
produce lesions in animals which,  at least to a  certain  extent,  resem- 
ble  those  which  were  observed in  the  human  being.  Subcutaneous 
inoculations only were attempted and the results of these were not at 
all constant.  Of seven (two dogs and five rabbits)  experiments only 
two  (Dog 1 and Rabbit 5)  proved successful.  In the dog a  chronic 
ulcer  developed at  the  site  of inoculation (leg)  and  an  enlargement 
and  abscess formation  in  the  regional  (inguinal)  lymph-glands  fol- 
lowed.  In  both  lesions  protozoon-like  bodies  were  demonstrated. 
Both healed completely after excision.  In the rabbit  also a  chronic 
ulcer developed which contained the protozoon-like bodies.  The ulcer 
persisted  for  a  long time  (six  months),  but  showed  a  tendency  to 
decrease in  size.  A  part  of it  was  excised,  after  which  the  wound 
healed  rapidly.  There  were  no  signs  of  a  generalization  of  the 
infection. 
The material  used in these experiments,  however,  did not contain 
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Our  experiment  on  Guinea-pig  No.  1 5 shows that  these  animals 
also  are  not  very susceptible to  subcutaneous  infection.  When  the 
guinea-pig was killed ten weeks after inoculation a  very slight lesion 
was  found  at  the  point  of  inoculation  and  no  involvement  of  the 
regionary lymph-glands  nor any general  infection. 
That  in man  also the skin is not very susceptible to the  infection 
Rixford and  Gilchrist  demonstrated by experimental  inoculations  of 
unaffected parts  of the  skin  in their  Case  I.  These  inoculations  in 
all  instances  proved unsuccessful.  Our  experiments  on Guinea-pigs 
2  and  3  prove, however,  that  the  animal  is very much more  suscep- 
tible to intraperitoneal  infection. 
Further  experiments  with the  protozoon-like bodies themselves on 
rabbits were not performed. 
DEVELOP~IENT  OF  THE  I~AI~ASITE  ON  ARTIFICIAL  MEDIA. 
The first to obtain a development of the parasitic organisms on arti- 
ficial  media  were  Dr.  H.  C.  ~[oifitt  and  Dr.  May  Ash.  At  the 
autopsy, which was performed by Dr.  Moi~itt,  they inoculated  slant- 
ing  agar-agar  tubes  with  material  obtained  from  the  kidney,  lung, 
the  abscess over the left eye~ the left pleural cavity and  spleen.  In 
the  cultures  from  the  pleura  and  spleen  a  white  mouldy  growth 
developed which,  when  it  was  shown  to me,  I  regarded  as  an  aeei- 
dental  contamination~  whereas  Dr.  ~Ioi~tt  and  Dr.  Ash  were  quite 
ready to believe that it had something to do with the parasitic organ- 
ism found in the tissues.  When, however, Guinea-pig [No. 2,  which 
had  received  some of the  pulmonary  tissue  of  Case  I  injected  into 
the  peritoneal  cavity,  died  showing  lesions  which  in  many  respects 
resembled those of Case I,  and which contained the typical parasites 
in pure culture, and when also cultures made at the autopsy from the 
pus  near  the  testicles  now  developed the  same  mould  in  profusion 
and in pure culture,  my attitude towards the mould naturally began 
to change. 
It  was at  once recognized that  in  order  to  make  sure  of the  true 
relation  of  the  parasite  found  in  the  tissues  and  the  mould  in  the 
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cultures to one another  two things  were necessary:  first,  if possible, 
to  trace  under  the  microscope  the  development  of  the  mould  from 
the protozoon-like bodies  (the parasite  in the tissues),  and secondly, 
to attempt to reproduce lesions containing these protozoon-like bodies 
by  inoculating  animals  with  pure  cultures  of  the  mould.  As  we 
have already stated in our preliminary  report,  we succeeded in both 
respects. 
On  April  20,  1900,  a  little  of the  pus  from  an  abscess near  the 
testicle in  Guinea-pig  3  was suspended in beef-tea in the  form of a 
hanging  drop.  On examination  the  drop contained three protozoon- 
like forms.  The slide was then incubated for twenty-four hours  and 
next day a mycelium had developed from  two of the three organisms 
that were present, very much in the same fashion as is represented in 
Figs.  32 and 33, which are drawn from later experiments.  In order 
to exclude all possible error,  this  experiment  was repeated a  consid- 
erable number of times,  always with the same result. 
The  experiments  showed  further  that  a  development  of  the 
protozoon-like bodies into mycelia does not take place so long as the 
parasites  are  enclosed  even  in  the  smallest  shreds  of  tissue.  This 
explains  why one  usually  obtains  cultures  only from  abscesses,  not 
from the more solid tubercle-like lesions. 
In the second place,  even when the parasites  are free, they do not 
all  grow  out  into  mycelia.  It  seems  that  they  must  have  at  least 
reached  the  adult  stage. 
The  development  of  the  mycelia  from  the  protozoon-like  bodies 
occurs  in  the  following  manner:  The  thick  membrane  which  sur- 
rounds the latter becomes very thin in one place and begins to evagi- 
hate  over  a  bud  from  the  enclosed  protoplasm  (see  Fig.  32,  upper 
left  corner).  These  buds  soon  assume  the  form  of coarse more  or 
less cylindrical threads' which are either straight or somewhat wavy. 
e In a  case studied only very recently after completion of  this paper, the first buds 
were  more  or  less  club-shaped,  and  later  on  several  rows  of  club-shaped  links 
developed around the protozoon-like body extending more or less in a  radial direction 
away from it.  The appearance was  entirely that seen in certain  saccharomyces that 
form hyphae in their  cultures.  More  in  the  periphery of  the growth,  however, the 
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At first the protoplasm forms one continuous mass in main body and 
buds, but after a while septa appear at various places in the buds and 
sometimes a partition also forms between the bud and the main body. 
Fig.  34 represents what  I believe to be the development of hyphae 
from a  spore of the protozoon-like bodies.  The specimen was made 
from an abscess that had developed at the base of the ear of Rabbit 4, 
after an injection of material  from a pure culture of the mould into 
the subcutaneous tissue at this spot.  The specimen, which was taken 
on  the  tenth  day  after  the  injection,  was  carefully  examined  and 
none of the spores of the mould, originally introduced with the pure 
culture, seemed to be left.  After twenty-four hours in the incubator a 
budding of hyphae from small round  bodies, like a  in  Fig.  34,  was 
found in very many places.  Since the pus contained many sporulat- 
ing forms and also many empty shells,  it must have contained many 
free  endospores  from  the  protozoon-like  bodies,  which,  however,  at 
the first examination were not specially noticed.  I  have stated above 
how difficult it is to recognize them after they have become scattered 
in the tissues.  It  is,  therefore,  very probable that  these endospores 
enlarged  (a  in  Fig.  34  is  much  larger  than  the  endospores  of  the 
protozoon-like bodies)  and  then budded out into hyphae. 
There  is one more reason  why these round bodies from which the 
hyphae developed could not be the originally injected spores from the 
mould, and that  is found in their form.  The difference is well seen 
in comparing Fig.  31, which represents a budding spore from a pure 
culture  on  artificial  media,  with  Fig.  34. 
In  our  preliminary  report  we  state:  " It  also  seems  as  if  there 
occurred  (in the hanging  drop outside of the tissues)  a limited devel- 
opment of the protozoon-like bodies when they are enclosed in shreds 
of tissue."  This statement was based on some observations in which 
I  had counted the number of parasites  in shreds of tissue before and 
after incubation.  It appeared then  as  if their  number  had  slightly 
increased.  Later  counts, which perhaps  were made  more carefully, 
did not confirm the earlier ones, and I now believe that the discrepancy 
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beef-tea  the  smaller  forms  show  better  in  the  tissues,  so  that  they 
could have  been  overlooked  in  the  first  count but  were  easily  seen 
and registered in the second one. 
The  cultures  obtained  from  Case  I  and  from  a  number  of  the 
inoculated animals may be  shortly described  as follows: 
Agar-agar (ordinary  agar-agar,  glycerin agar-agar,  2% glucose agar- 
agar).  The growth develops slowly at room temperature,  quite rapidly 
at  37 °  C. (thick  membrane in  24  to  48  hours  in  incubator).  On  the 
surface of the medium a white mouldy growth is formed with a  slightly 
wavy outline.  The a~rial hyphae are never very long, about .5 to 1 ram. 
Old pure cultures look as if they had been strewn over with just visible, 
bright, white particles of sand.  From the lower surface  of the growth 
numerous hyphae grow into the medium, by which the growth becomes 
very firmly attached to it.  Only with a  stout platinum needle is it pos- 
sible to dig out portions of the growth from the surface.  The agar-agar 
in the neighborhood of the growth soon shows a brown discoloration.  The 
growth itself remains perfectly white, only very late when the  medium 
dries out one observes  a slight yellowish-brown discoloration.  In the later 
stages of development, when the medium dries out, the growth retracts 
more  in  the  middle  than  in  the  periphery.  The  membrane  begins  to 
show a slight irregular wrinkling but there is no marked folding. 
Microscopic examination in the  beginning of the  development shows 
long, septate,  branched  hyphae (~about 2 t~  in  dia~neter) which  form  an 
intricate meshwork.  The hyphae within the medium always remain  in 
this  condition.  In  the  a~rial  hyphae  one  observes  later  club-shaped 
swellings at the end and also the formation of spores.  The spores origi- 
nate at the end  of the a~rial hyphae within them.  Three  or  four  are 
formed at a time by a  contraction of the protoplasm at regular distances 
with accompanying swellings  at  these places (Fig. 25).  Later the  con- 
tracted protoplasmic mass is shut off at both ends by a  double-contoured 
membrane.  The protoplasm that goes to form the spores is at first very 
granular, later  highly refractile  and homogeneous.  The  formed  spores 
have biconvex sides, as is shown in Fig. 25.  The places between the spores 
are entirely devoid of protololasm and the membranous cylinder ~hat con- 
nects the spores after they have been formed, seems to be very brittle, so 
that after a while the spores break off and form irregular clusters around" 
the ends of the a~rial hyphae.  In these clusters the spores at first usually 
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single.  At the ends of the isolated spores one can almost invariably see 
pieces of the empty intermediate link that existed between them. 
From  this  description  one  will  see  that  the  spores  are  typical 
chlamydospores and not oidia,  as was  stated  in our first publication. 
In later cultures, however, I  have found oval double-contoured spores 
in rows  at the  end  of the aSrial hyphae.  They varied  somewhat  in 
size  and  the  largest  ones  were usually  found  at  the  end,  giving  the 
whole  a  somewhat  club-shaped  appearance.  These  oval spores  were 
directly  attached  to  one  another  without  any  intermediate  empty 
pieces of myeelium.  I  have never seen any lateral conidia. 
In very old pure cultures the spores lose their characteristic shapes and 
become round  or  sausage-shaped.  They also  lose  part  of their  resplen- 
dence.  When these chlamydospores are brought into fresh media they bud 
out into new hyphae (see Fig. 31).  The spore membrane always bursts at 
the side. 
Gelatine.--Formation  of a similar growth occurs on the surface.  The 
a~rial  hyphae, h~wever, appear late ,and  are  not so plentiful.  The gela- 
tine beginning with about the tenth day is slowly liquified.  Microscopi- 
cally the growth  resembles that  on agar-agar.  The formation of spores 
occurs late, however, and is not plentiful. 
Raisin-ge~Zatine gives  a  similar  development. 
Beef-tea.--Growth at the bottom of the tube in form of irregular flakes 
that  look like pieces of  coarse  cotton.  The growth  is  first  white,  later 
brownish.  Microscopically, it consists  of a  dense felt of septate  hyphae 
of  the  same  appearance  as  those  in  other  cultures.  Formation  of  air- 
hyphae and spores was not observed. 
Milk  is  slowly peptonized  (in the course of a  month or two)  without 
change in reaction.  At last one obtains a clear liquid with a thick white 
scum on the surface, which may show greenish and lilac spots. 
Potato.--Abundant  growth, very much like that on agar-agar.  Early 
and profuse production of spores. 
Carrot  and  turnip.---Less  abundant  development  and  later  and  less 
abundant spore formation. 
Cultures develop on all media slowly but very well at room temperature 
(between 15 °  and 20 °  C.). 
The  mould  develops  very  well  on  all  albuminous  media  (Loeffler's 
serum, glycerine (6%)  serum, ascitic fluid).  Protozoon-like bodies were W.  Ophiils  455 
not  observed  in  any  of  the  cultures  even  in  albuminous  media  under 
a~robic and anaSrobic conditions. 
It was  also tried whether a  development of the mould into the proto- 
zoon-like bodies would take place in a  collodion sac that was  allowed to 
remain in the peritoneal cavity of an animal  for some time.  When the 
sac  was  examined  five  days  after  its  introduction  into  the  peritoneal 
cavity it contained mould spores only, the mycelium having disappeared 
completely, but protozoon-like bodies were not found. 
I  have been able, however, to trace the  development of the protozoon- 
like bodies from the mould after its introduction into  the  animal  body, 
in  Rabbit  No.  4.  The animal  was  inoculated into  the  ear-vein with  a 
culture that contained many spores, but part  of the  infectious material 
entered  the  subcutaneous  tissue  near  the  vein.  Two  days  afterwards 
already  a  small  abscess  had  developed  at  the  point  of  inoculation.  A 
microscopic examination of the pus showed that the inoculated mycelial 
threads had disappeared, but that as yet it contained the injected mould- 
spores in large numbers and also that  a few of them had developed into 
short hyphae .such  as .are represented in Fig.  28. 
On the following (third)  day these hyphae began to break up and dis- 
appear and had vanished completely on the following day or the day after. 
With  the  third  day a  development of the  mould-spores  into  the  proto- 
zoon-like bodies began.  This development is  shown  in  Fig.  29.  As  is 
represented in the figures, the spores either enlarge as a whole  (Fig. 29b) 
and gradually assume the forms of the protoz0on-like bodies, or the devel- 
opment is at first uneven.  One side of the spore shows a marked bulging 
(Fig. 29a), but then also in course of time the bodies assume'a spherical 
form  and  the  remnants  of  the  intermediate  link  disappear.  On  the 
fourth day already some of these newly formed protozoon-like bodies had 
developed into  sporulating  forms  and  on  the  fifth  day  the  sporulating 
forms were very numerous.  On the  seventh day the originally injected 
mould-spores were very few in  number  and  on the tenth  day they had 
disappeared  altogether. 
In  my  specimens  I  have  never been  able  to  see  any  indication  of  a 
direct development of royce!lure into prot0zoon-like body, and  I  do not 
believe that  it  ever  occurs.  In  cases  in  which  animals  are  apparently 
inoculated  with  mycelium  only,  as  in  the  case  of  Rabbit  2,  and  in 
which  nevertheless  the  protozoon-like  bodies  develop  in  the  tissues,  I 
believe that there must be first a  formation of spores and  secondarily a 
development  of  protozoon-like  bodies  from  them.  It  may,  however, 
also  be  that  in  this  case,  in  the  preliminary  examination  of  the  pure 
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Inoculation experiments with the pure culture of the mould on guinea- 
pigs  and  rabbits  were  uniformly  successful,  with  the  exception  of  my 
first experiment  on  Guinea-pig  4.  The  culture which  was  employed in 
that  instance  had  been developing only a  comparatively short time,  and 
the  unsuccessful  outcome  may  be  explained  by  a  complete  absence  of 
spore-formation  in  the  young culture.  Otherwise  it  is  difficult  to  find 
any reason for it, since in all other eases the infection took very readily. 
Two frogs were inoculated,  one into the dorsal lymph-space, the other 
into  the  peritoneal  cavity;  they  remained  healthy  and  at  autopsy  did 
not  show  any lesions. 
In  several  eases  new  pure  cultures  of  the  mould  were  obtained  by 
inoculating  suitable  media.with  pus  from  inoculated  animals.  In  all 
these eases the pus, when examined with the microscope,  contained proto- 
zoon-like  bodies in pure culture, and no mycelia, and the cultures,  which 
were obtained, myeelia and chlamydospores and no protozoon-like bodies. 
I  believe that  my experiments  prove  conclusively that  the  proto- 
zoon-like  bodies  belong  to  the  life  cycle  of  the  pathogenic  mould, 
which  was  cultivated  on  the  artificial  media.  When  the  parasite 
develops in the animal  body  it  appears  in the  form of protoplasmic 
spheres surrounded by a thick double-contoured membrane and propa- 
gates  itself  by  endogenous  sporulation;  when  it  develops  on  the 
artificial  culture-media  it  develops  a  mycelium,  and  at  the  end  of 
the  agrial  hyphae  of  this  myeelium  ehlamydospores  are  formed, 
which  when  brought  into  new  artificial  media  again  reproduce  the 
myeelimn,  and  so on.  In case, however, these ehlamydospores enter 
the  body  of  susceptible  animals,  they  develop  into  protozoon-like 
bodies with  endogenous  sporulation.  These  propositions  have  been 
proved  in  two  ways.  First:  Animals  have  been  inoculated  with 
pure cultures of the mould, which did not contain any protozoon-like 
bodies,  and  have  developed  a  disease,  in  the  lesions  of  which  the 
protozoon-like  bodies were found  in  pure  culture  and  no  mycelium. 
From these diseased spots the mould has then again been obtained by 
cultivation.  Secondly:  Development  of  the  different  stages  into 
one  another  has  been  directly traced  under  the  microscope:  forma- 
tion  of a  myeelium  from the  protozoon-like  bodies  and  their  spores 
in  the hanging  drop;  development  of the  ehlamydospores  into  pro- 
tozoon-like bodies in the subcutaneous abscess in Rabbit No.  4:. W.  Ophiils  457 
CLASSIFICATION. 
In  regard  to  the  classification  of  the  new  pathogenic  mould  we 
encounter  great  difficulties  which  it  has  been  impossible  for  me  to 
overcome in  a  satisfactory manner.  I  believe that  this  part  of the 
inquiry belongs rather  to the field of botany.  I  have therefore con- 
sulted  with  several  well-known  botanists,  but  they  also  were  at  a 
loss  how  to  place  the  new  fungus,  and  all  seem  to  agree  that  our 
present  system of classification of the lower fungi  is very imperfect 
and far from satisfactory in many ways. 
The only organism which has at least some points in common with 
the one described in this paper, is the one that was found by Gilchrist 
and Stokes' in a case of pseudo-lupus.  Gilchrist and Stokes observed 
that  blastomycetes  in  the  tissues  also  form  spherical  protoplasmic 
bodies  with  a  thick  capsule  which,  however,, multiply  by budding 
and  not  by endogenous  sporulation.  When  cultivated  on  artificial 
media  they first show very peculiar  budding  forms,  that  are  repre- 
sented on Plates VI and  VII, which accompany the article referred 
to;  later one finds a very intricate meshwork of very thin hyphae in 
the  cultures. 
I  am  much  indebted  to  Dr.  Gi]christ  for  giving  me  the  oppor- 
tunity  of  studying  this  parasitic  organism.  I  can  only  fully  con- 
firm  Gilchrist  and  Stokes'  observation  as  far  as  the  growth  on 
artificial media is concerned.  In old pure cultures  I  have regularly 
found peculiar bodies that seem to develop at the end of the hyphae. 
They are  represented  in Figs.  26  and  27.  They are  about 10  ~  in 
diameter.  They  consist  in  a  rather  thick  sometimes  double-con- 
toured membranous sac that is filled with small, round, highly refrac- 
tile granules.  These granules  do not give the  staining  reactions  of 
fat.  It  is possible that  they represent  a  form of endogenous  sporu- 
lation,  but I  have not been able to prove this by demonstrating  a  de- 
velopment  of  either  a  new  mycelium  or  the  budding  forms,  that 
occur in the tissues. 
7 Gilchrist and Stokes.  A  case  of  pseudo-lupus vulgaris caused by a  blastomyces. 
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At  the  meeting  of the  Chicago  Pathological  Society on  Monday, 
April  8,  1901,  Dr.  tI.  T.  Ricketts read  a  paper  on  " Blastomycetic 
(Oidiomycetie)  dermatitis  and  its  organisms."  As  far  as  I  can 
gather from a short review of his paper, which appeared in the Phila- 
delphia  Medical  Journal  of  April  27,  1901,  he  believes  that  the 
organisms  found  in  " blastomycetic  dermatitis "  and  also  the  one 
isolated  from our  Case  I,  although  differing  in  certain  respects,  all 
belong to one group of fungi,  the oidia.  As  far  as the fungus  that 
is described in this  paper  is concerned,  he has perhaps  been slightly 
misled by our preliminary  report,  in which  it was stated,  that oidia 
had  been  found  in  the  cultures,  yet  as  far  as  his  contention  goes 
that  all these fungi belong together,  I  agree with him perfectly.  A 
closer  investigation,  however,  has  shown  that  our  first  statement  of 
the  occurrence  of oidia  was erroneous.  The  majority  of the  spore- 
like  bodies  are  certainly  not  oidia,  but  a  modification  of  them-- 
chlamydospores--the characteristic being that  in the hyphae the pro- 
toplasm is concentrated at certain points in the form of spores, leaving 
between the spores segments of the original hyphae, which are empty, 
as  is  shown  in  Fig.  35.  Following  the  general  laws  of  oidia  and 
chlamydospores,  the  chlamydospores  formed  in  our  fungus  can  de- 
velop  either  into  a  new  vegetative  form  (development  of  hyphae 
from  them  when  brought  upon  new  media,  see  Fig.  31)  or  under 
favorable conditions  (in our case in the animal body)  into " Frucht- 
kSrper "  with  endogenous  sporulation.  Following  Brefeld's  classi- 
fication of fungi,  if I  understand correctly~ our fungus on account of 
this constant and typical endogenous sporulation would belong to the 
aseomycetes.' 
On account of the  difficulties in the way of an  intelligent  elassifi- 
~8ince  the  above  was  written,  I  have  had  the  opportunity  not only to study  Dr. 
Rickett's  article  in  the  original,  but also  to  see  a number  of his cultures,  which he 
was kind enough  to  show  me.  I  am now more  than  ever convinced  that  the organ- 
isms  which  he  describes  and  also  the  one  studied  in  this paper are all very closely 
related  to  one  another,  and  belong  to  a  rather  badly  defined  genus  interposed 
between  hyphomyeetes  and  blastomycetes.  All  oidia  would  belong  to  the  same 
group  and it would perhaps be  well to  enlarge  the  meaning  of  oidium sufficiently to 
make it cover the entire group,  as Riekett in his paper proposes to  do. W.  Ophiils  459 
cation of the parasite,  I  believe it to be best to reserve the  adoption 
or coining of a generic name for the future,  and use the name which 
has  been proposed by Rixford  and  Gilchrist  as  a  generic name  for 
what they believed to be a  protozoon,  as a name for the species.  Its 
name then would be Oidium coceidioides, or, if there should be objec- 
tions to the adoption of coccidioides~  Oidium protozoides. 
I  have also had an opportunity of studying the blastomycetes that 
were isolated by Dyer' from a case of blastomycetic dermatitis.  This 
organism  is  certainly  entirely  different  from  either  Gilchrist  and 
Stokes'  or  the  one  described  in  this  paper,  growing  in  all  respects 
like  an  ordinary blastomyces and  causing  alcoholic  fermentation  in 
sugar-solutions, whereas in the case of the other two parasites  I  have 
never seen any evidence of such fermentative  action. 
LESIONS  PRODUCED  IN LOWER  ANIMALS  AND  MAN. 
A  short synopsis of the cases which up to date have been observed 
in the human being, will serve best to show their  similarity in many 
respects and also to bring out their individual peculiarities. 
I.  Cases with Primary  Cutaneous  Infection. 
No.  1.--Case  of  Posadas and  Werwicl~e.--Middle-aged man.  First 
symptom: nodular growths in skin of face and  of left thigh  resembling 
mycosis fungoides.  Secondary involvement  of regionaxy lymph-glands. 
Disease lasted seven years.  At postmortem miliary tubercles in internal 
organs. 
No. 2.  First case of Dr. Rixford and Dr. Gilchrist.  Man 40 years old, 
from the Azores.  First symptom:  sores on forehead and  back of neck. 
Character  of  skin  lesions:  irregular  ulcers  with  fungating  masses  of 
granulation tissue containing tubercles.  Slowly spreading o~er face, and 
infection of other parts of skin.  Nine years after first changes  in  skin 
involvement of regionary lymph-glands  Remittent fever, which lessened 
after  antiseptic  treatment  of  ulcers (fever  due  to  secondary  infection 
with pyogenic cocci?)  destruction of both eyes.  Death  about ten years 
after first symptoms. 
9 Dyer.  Blastomycetic Dermatitis, etc.  American  Journal of.Dermatology  and Genito. 
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Lesions  found  at  postmortem:  Extensive  chronic  tuberculosis  and 
ulceration of skin.  A  few  small cavities,  chronic miliary tuberculosis, 
old scars and diffuse consolidation  of lungs.  Chronic  tubercular pleurisy 
and peritonitis.  Tubercles  in spleen.  Multiple abscesses in mesenteric 
and peribronchial lymph-glands.  Chronic tuberculosis  of both  adrenals. 
Chronic  tuberculosis  and suppuration of both testes  and prostate.  Sup- 
purative  necrotizing  osteomyelitis  of  middle  of  left tibia  and  head  of 
metacarpal bone of left index finger. 
No. 3.  Second case of Rixford and Gilchrist.  Man 33 years old, front 
the  Azores.  First  symptoms:  pimples  on  left side  of  forehead which 
developed  into  chronic  ulcers.  Character  of  cutaneous  lesion:  first 
infiltration of  skin,  then  flat,  rapidly growing  irregular  ulcers.  Soon 
afterwards infection of other parts  of the  skin.  Early involvement of 
regionary lymph-glands.  Metastatic infection of  inguinal lymph-gland 
by way of the blood current,  h'ight-sweats, remittent fever.  Duration 
of disease, three months.  No  necropsy. 
II.  Cases with  Primary Pulmonary  Infection  without  Cutaneous 
Infection. 
No.  4.  Case I.  Boy  19  years  of  age,  born  in  the  Azores.  First 
symptom:  chill  followed  by  pleurisy;  later  multiple  acute  arthritis, 
osteomyclitis  of frontal bone.  Cough  and  expectoration.  Slight  chills 
and profuse sweating.  Duration of disease, three months. 
Lesions  found at postmortem:  Abscesses and diffuse consolidations  of 
both  lungs,  empyema on  left side,  purulent  infiltration of  diaphragm, 
multiple  abscesses and  necrosis  in  retroperiteneal  lymph-glands.  Mill- 
ary abscesses in liver  and kidney.  Miliary tubercles  in kidneys.  Mul- 
tiple fo~i of purulent osteomyelitis  and arthritis. 
No.  5.  Case II.  No  clinical history;  old  man,  German.  Lesions 
found  at  postmortem:  Old,  partly  healed  lesions  in  lungs.  Chronic 
tuberculous pericarditis, miliary tuberculosis  of spleen and both kidneys, 
basilar tuberculous meningitis. 
III.  Case of Apparent Primary Infection of Lungs with Cutaneous 
Lesions. 
No.  6.  Dr.  Montgomery's case.  ~[ale,  21.  years  of  age.  German. 
First  symptom: cough  ten  months  before  death.  Multiple  cutaneous 
lesions  appeared  two  months  before  death.  Character  of  cutaneous 
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High  remittent  fever  with  night-sweats.  Secondary  involvement  of 
regionary glands.  Marked rapidly progressing pulmonary lesions. 
Findings  at  postmortem:  Cutaneous  lesions.  Large  abscess of  the 
size of an infant's head in upper part of right lung communicating with 
abscess  of the neck and the chest underneath the clavicle  on the right 
side.  Several smaller abscesses and diffuse  consolidation of right lung. 
Immense abscess of liver.  Kidneys and spleen apparently normal. 
A  comparison of these cases shows in the first place that the dura- 
tion of the disease varies within wide limits  (from three months to 
aine  years)  and  also  that  the  duration  in  no way depends  on  the 
primary seat of infection. 
The  clinical  symptoms  vary  very  much  and  of  course  depend 
entirely on the organs  affected, and on  the extent of the lesions in 
them.  Remittent fever and night-sweats seem to be a  constant lea: 
• ture of the disease, at least in its later stages.  They were present in 
all four cases of which I found clinical records. 
In all cases the disease shows a marked tendency to spread as well 
by way of the lymph-channels as by way of the Mood-current.  Case 
2,  however,  proves  that  this  tendency to  generalization may mani- 
fest itself very late  (nine years after the beginning of the disease). 
The cutaneous lesions, when they are present, may apparently be 
quite different in different cases, showing either more the appearance 
of mykosis fungoides with  large tubers  and  secondary slow ulcera- 
tion  (Cases 1 and 6)  or that of a chronic tuberculosis verrucosa cuffs 
(Case  ~);  or again one observes rapid  infiltration of the skin with 
extensive flat ulceration  (Case  3).  The  differences are  due to  the 
more or less  rapid  progress  of the destructive process. 
In all organs the disease appears in the form of mitiary nodules or 
miliary, rarely larger,  abscesses, which exceptionally, however, may 
attain  a  very considerable  size (abscess  of  size  of  child's  head  in 
lung and immense abscess in liver in Case  6). 
The disease, therefore, belongs to the infectious granulomata and 
shows a  great deal of similarity to glanders.  In fact, when I  first 
saw the specimens of Case  5,  I  at  once thought of glanders.  As a 
name  for  the  disease  I  should  propose  coccidioidal granuloma. 
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What is true in these respects of the human cases, also holds good for 
the  disease  in  guinea-pigs  and  rabbits,  as  a  study  of  the  detailed 
accounts of the animal experiments, which are given at the end of the 
paper, will readily show. 
I  should  like  to  call  special  attention  to  the  frequent  multiple 
infections  of  the  bone  (Cases  2  and  4,  Rabbit  3  [ostcomyelitis 
of some lumbar vertebrae with compression of the cord, osteomyelitis 
of the parietal bones with compression of the cerebrum] ). 
The  infection  of  the  testicles  and  prostate  in  human  Case  2 
acquires  interest when we  observe  the  constant  occurrence of  sup- 
purative  periorchitis  in  guinea-pigs  after  intraperitoneal  infection. 
En  passant  I  should  like  to  point  out  that  here  again  we  have  a 
new proof that suppurative periorchitis in guinea-pigs is not pathog- 
nomonic for glanders, as is maintained by some authors. 
Although frequently the lesions have a  marked tendency to  pro- 
gressive development, they are chronic in so far as even the abscesses 
are always surrounded by a considerable amount of cicatrieial tissue. 
Individual lesions may heal spontaneously, as is well shown in Case 5 
and in Rabbit 3 (see also Fig. 21).  Sometimes the healed, or nearly 
healed, nodules show calcification.  But while this healing tendency 
may be well marked in certain parts  of the body, the disease itself 
always seems to progress to  a  fatal termination.  At least such has 
been the case in  all human cases,  and in  all  animals  that  were not 
killed prematurely or were not cured by surgical interference  (Dr. 
Rixford's cases). 
The histology of the lesions is of the greatest interest from a  gen- 
eral  pathological  standpoint.  In the first place they furnish proof 
that  the  typical tubercle  (consisting of epithe]ioid cells  and  a  per- 
ipheral  zone  containing lymphocytes and  plasma  cells)  with  giant 
cells of the  Langhans  type and central caseation,  is  not  absolutely 
characteristic  of  an  infection  with  tubercle  bacilli.  Our  parasite 
in the human being as well as in animals can produce lesions which 
histologically cannot be in any way differentiated from the nodules 
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In the second place we observe in this disease remarkable transi- 
tional  stages  between  nodular  lesions  on  oae  hand,  and  chronic 
miliary  abscesses  on  the  other.  There  are  nodules  with  central 
abscess formation  (see Fig.  18)  and chronic abscesses  with central 
caseation of their contents. 
Furthermore,  sometimes  we  find  large  masses  of  fibrous  tissue 
with numerous very large fibroblasts,  few leucocytes and  occasional 
giant  cells  usually including one or  more of the parasites.  These 
masses in their structure bear a  certain resemblance to some tumors 
of the class of ilbrosarcomata or fibromyxosarcomata. 
It  may appear  extraordinary that  one parasite should be  able  to 
produce lesions  of such  entirely different aspect.  A  careful study 
of the tissues,  however, has convinced me that these differences are 
largely dependent on the stage of development ia which the parasite 
is  present.  The  adult  forms  are  found  in  the  less  acute  lesions, 
whereas  the  abscesses  always  contain  sporulating  forms,  often  in 
very large numbers.  A  study of the illustrations given by Rixford 
and Gilchrist seems to prove that this holds good for their cases also. 
It is true that occasionally one finds a  sporulating form in a nodule, 
as  is  represented in Fig.  23,  but  in  all  these instances the capsule 
which  surrounds  the  spores  is  intact,  or  seems  to  have  burst  only 
recently.  It seems then that only after the bursting of the capsule 
the substances which produce the suppurative process gain access to 
the tissues. 
The  fact  that  the  sporulating  forms  contain  a  substance  which 
has  a  strong  positive  chemotactic  influence  upon  the  po]ymorpho- 
nuclear leucocytes is also evidenced by their very frequently entering 
into  the~a soon  after the capsule has burst,  and  often collecting in 
them in large numbers.  In our Fig.  16, a polymorphonuclear leuco- 
cyte is just entering, as it were, the capsule through a small opening, 
whereas  our  Fig.  13  and  Fig.  8  in  Rixford  and  Gilchrist's  Plate 
XLI  show empty cells full of polymorphouuclear leucocytes.  This 
allows us to understand also why in  Case  3  with very rapid course 
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That  part of the poisonous substances which are elaborated by the 
parasite are absorbed and cause severe general disturbances in demon- 
strated  by the  fever  and  the  night-sweats  in  the  human  cases.  It 
even seems that  sometimes the  absorbed toxins  are powerful enough 
to produce focal necroses in the liver, which are so common in other 
infectious  diseases.  At  least  this  is  the  only  interpretation  that  I 
can  give  to  the  peculiar  lesions  which  were  found  in  the  liver  of 
Rabbit 2, and are represented in Fig.  15. 
I  am  doubtful whether  the  slight  diffuse cirrhotic  changes  in  the 
liver o£ Rabbit 3 are also due to this general intoxication,  or whether 
they constitute  an  accidental  complication. 
CONCLUSIONS. 
From the preceding  I  derive the following conclusions: 
1.  The  disease  which  formerly  has  been  described  as  a  form  of 
protozoon-infection is due to an infection with  a  pathogenic  fungus. 
2.  The  infection  may primarily  be  either  a  cutaneous  or  a  pul- 
monary one. 
3.  The  lesions  produced  by  this  fungus  fall  under  the  general 
head  of  infectious  granulomata  and  consist  partly  in  nodules  re- 
sembling altogether those produced by the tubercle bacilli and partly 
in chronic  abscesses. 
4.  The adult forms of the parasite are more apt to produce nodules, 
the sporulating forms abscesses. 
5.  The  fungus  is  pathogenic  for  dogs,  rabbits  and  guinea-pigs 
probably other animals also, and in them produces lesions very similar 
to those which we encounter in the human being in this disease. 
6.  Supurative periorchitis in guinea-pigs is not pathoguomonic for 
glanders. 
In concluding I  should like to express my obligations to Dr.  H.  C. 
Mofiitt,  who  gave me  the  opportunity  to  examine  Case  I,  and  who 
allowed me to make use in this paper of the first animal  and culture 
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Since finishing this paper I  have seen two more cases of this pecu- 
liar  affection.  One was  the unpublished case of Drs.  ~Iontgomery 
and Taylor, mentioned at the beginning of the paper.  TM  It was a very 
typical one with primary cutaneous lesions resembling chronic hyper- 
trophic lupus.  With these lesions the patient suffered for a  consid- 
erable time before he died of an acute generalized miliary (pseudo-) 
tuberculosis produced by the dissemination of the fungi by way of 
the blood-current.  This case closely resembled Case 2 of the former 
series.  Through  the  courtesy  of  Drs.  Taylor  and  Ryffkogel  I 
was  able  to  investigate  the  case  thoroughly  before  and  after 
death  and  confirm  my  former  findings  in  regard  to  the  nature 
of the  parasite  and  the  character of the  lesions.  The  second case 
was more unusual.  The patient,  who was under Dr.  ~[orton's care 
at  the German Hospital  in  San  Francisco,  was  a  Japanese  section. 
hand employed by the Santa Fe Railroa~t.  He had a  chronic ulcer 
of the right foot just below the ankle on the inside.  It was fairly 
r%~lar,  from 3 era.  to 4  cm. in diameter, and covered with a  thick 
brown scab.  The edges were very slightly elevated and reddened, the 
surrounding  skin  being  perfectly smooth  and  very nearly normal. 
There was hardly any discharge.  The femoral and inguinal lymph- 
glands became involved, were removed and sent to me for examina- 
tion.  They looked exactly like chronic tubercular lymph-glands with 
very extensive dry, diffuse easeation.  In sections from these lymph- 
glands, which otherwise presented all the microscopical changes pro- 
duced  ordinarily  by  chronic  tuberculosis,  the  parasites  were  dis- 
covered;  later  they were  also  demonstrated in  the  primary  lesion. 
Cultures in hanging drops were made with the usual result.  After 
removal of the original  ulcer the patient  was  discharged in  an  im- 
proved condition but  not  completely cured.  There was  one  fairly 
large lymph-gland on the right side of the neck, the removal of which 
was  deemed  inadvisable.  ~To  history,  unfortunately,  could  be  ob- 
tained from the patient,  who spoke Japanese only. 
The last case is particularly interesting on account of the unusual 
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appearance  of the  primary  cutaneous  lesion  and  also  on  account  of 
the extensive dry diffuse caseation in the extirpated lymph-glands. 
DETAILED  DESCRII~TION  OF  HUMAN  CASES  A~ID ANIMAL  EXPEI~IMENTS. 
C~SE I.--A.  L.,  aged  19  years;  farm  laborer;  born  in  the  Azores. 
Entered  Ward  C,  City and  County  I-Iosp~tal, January  26,  1900.  Died 
Feb. 6,  1900. 
Past History.  Unknown. 
Present  Illness.--Began  eleven  weeks  ago  with  a  chill.  Had  been 
riding  in the rain  after  cattle.  Went to bed, and  after  a  few days left 
pleura was tapped, and one gallon (?) clear fluid obtained.  Had pain in 
left side and  back.  Three  weeks  after  beginning  of illness  went to  St. 
Luke's HoSpital.  There  had irregular  fever, at  times  reaching  104.4°; 
nosebleed.  Abdominal  tenderness;  diazo  reaction  present;  no  Widal 
reaction  (two examinations).  Leucocytes 7000 in cram.  Movements at 
first pea-soulJ-like  in character, later solid.  Dullness over left apex, later 
at left base.  Tapped  January  23,  three  days before admission  to  City 
and  County Hospital, with  negative result. 
Four  weeks before entrance  (about January  1)  joint  trouble  began. 
At  first  there  was  pain  below  the  left  patella  along  the  tendon.  One 
week later left knee-joint swelled.  Then right knee, right shoulder, both 
elbows  and  wrists  swelled,  and  grew  red  and  tender.  There  were  no 
remissions of pain  or  swelling.  For  three  weeks before entrance  great 
pain in frontal region, which it was impossible to relieve. 
Profuse  sweating.  A  large  gland  developed  in  left  supraclavicular 
fossa, a week before entering  City and  County Hospital, also  a fluctuant 
swelling over left eye.  Cough with mnco-purulent and occasionally blood- 
streaked expectoration.  No tubercle bacilli in sputum. 
Examination  (January  27).---Emaciated,  yellowish  pallor,  flushed 
cheeks.  Limbs helpless, due to swelling of joints and pain.  Right wrist 
swollen,  red  and  tender.  Right  elbow  and  shoulder  red  and  painful. 
Both ankles and feet swollen, tenderness over small bones of foot, marked 
on the left.  Both knees swollen and tender.  Pain marked along patellar 
tendons  and  over  crests  of  tibiee;  evident  periostitis  of  left tibia,  less 
distinct  on  right.  Over  left  eye  a  fluctuating  swelling,  the  size  of  a 
walnut, starts from frontal bone and is very tender but not reddened. 
Long eyelashes,  pupils normal.  Tongue tremulous,  not much coated. 
Rules heard  in  mouth.  Small  glands  in  submaxillary  foss~e and  above 
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this, reaching downward to the pleural space, is an abscess the size of a 
lemon.  General icterus. 
The lower intercostal spaces on both sides bulge.  Dullness above both 
clavicles, more marked on left side.  Dullness on right side below clavicle, 
reaching outward  to  axilla.  Dullness  in  right  axilla.  Lung  almost 
tympanitic anteriorly from 1st to 4th rib.  Dullness along the 4th rib; 
deep  liver  dullness  at  5th  interspace.  Left lung  dull  over  its  entire 
anterior surface ;  absolutely  flat in axilla.  On  auscultation loud bron- 
chial breathing at right apex;  a few rales.  A few mucous tales at base. 
On~ left side bronchial breathing at apex.  Anteriorly coarse and fine, dry 
and moist rales,  tIeart large, no alterations in sounds. 
Specific  gravity of urine  is  1020;  no  albumin;  no  sugar;  indican 
present;  diazo reaction present. 
Plantar reflexes normal. 
Jan. 31.  Leucocytes 1%000 in cram. 
Feb. 4.  Slight chills.  Profuse sweating. 
Feb. 6,  Large mucous rales at the base of the left lung. 
Tubercle bacilli were  not found in spite of repeated examinations of 
the sputum.  The patient showed progressive  wasting and died Feb.  6, 
1900. 
The autopsy,  by Dr. Moffitt, showed: 
Right  lung:  Irregular,  nodular  consolidations  with  necrotic  centers 
from the size of a shot to 1 cm.  in diameter.  The tissue between them 
was in great part atelectatic; in the middle lobe were  several  abscesses 
with thick abscess-membrane.  Left lung: Acute broncho-pneumonia and 
chronic interstitial pneumonia with abscess-formation; also nodules like 
tubercles  as  on  right  side.  There  was  a  large  abscess partly  in  the 
mediastinum, partly in the left lung. 
The pillars of the diaphragm were infiltrated with pus, and there were 
necroses  and  abscesses in  the retroperitoneal lymph-glands.  The  right 
pleura was free; in the upper part of the left pleura an encapsulated em- 
pyema was found; in the lower part adhesions. 
The spleen was enlarged and softened; in the pulp were some ill-defined 
yellow patches. 
The  kidneys showed  cloudy swelling; in  both of them  were  miliary 
nodules with  central  caseatbn or  miliary abscesses with thick  abscess- 
membrane.  The nodules and abscesses were mostly in pyramids. 
In the liver were cloudy swelling  and fatty infiltration, but no visible 
nodules. 
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left eye and in the upper  part of the left tibia,  and suppuration in the 
affected joints.  Necroses  and abscesses  in rcgionary lymph-glands. 
Microscopic  Findings.--Lungs  (.see Figs.  2,  3,  4).--Sections  of  the 
lungs are full of irregular, miliary and larger, often conglomerate nodules. 
Many  of  them  seem  to  have  originated  in  the  perivascular  and  pert- 
bronchial  connective tissue,  whereas  some  seem  to  have  formed  in  the 
pulmonary tissue proper, but even those which arise in the peribronchial 
or perivascular connective tissue, have pushed their way into the adjoin- 
ing pulmonary tissue.  The structure of the  majority of the nodules is 
the following (Fig. 4) :  The air cells in the affected area are filled with 
a  cellular exudate which consists mostly of epithelioid cells and lympho- 
cytes imbedded in a meshwork of fibrin.  Many of the lymphocytes show 
the characteristic appearance of Plasma cells.  Among the cells there are 
also a few polymorphonuclear leucocytes.  One also finds large giant cells, 
many of them with a peripheral arrangement of their nuclei.  The centers 
of  the  nodules  often  show  extensive  caseation  (not  present  in  figure) 
with much nuclear debris in a necrotic, finely granular material.  There 
is a little, but not much, fibrin between the cells and in the caseated mat- 
ter.  In a  few places a  few connective-tissue fibrils can be seen between 
the epithelioid cells.  In  other places (Fig. 5) ~abscess-like collections of 
polymorphonuclear leucocytes may be  seen in the middle of the caseous 
areas.  Many  of  the  polymorphonuclear  leucocytes,  especially  those  in 
the middle of the abscesses, show signs of beginning disintegration (pykno- 
sis,  karyorrhexis).  In  the  pulmonary  tissue  between  the  nodules  the 
air-cells  are  partly  collapsed,  filled  with  coagulated  oedema  and  large 
desquamated epithelia] cells with some lymphocytes and a very few poly- 
morphonuclear leucocytes.  In no place, even in the nodules with more 
chronic appearances, do the sepia participate much in the diseased process. 
They  usually  show  only  a  moderate  infiltration with  lymphocytes and 
plasma  cells.  In  a  few spots  the  lesions show  a  more  acute  character 
throughout.  In these places all the air-cells are filled with polymorpho- 
nuclear  leucocytes,  desquamated  epithelium,  oedematous  exudate  or  a 
little  fibrin.  In  the middle  of  such  areas  there  is  usually evidence of 
beginning degeneration and nuclear fragmentation of the leucocytes. 
Parasites  are  present  in large  numbers  in  all  stages  of  development. 
In the tubercle-like nodules one finds mostly young and adult forms  (see 
Fig. 4), almost invariably enclosed in giant cells.  In the abscesses  there 
are  a  very large  number  of  sporulating  forms  (see  Fig.  2),  with  very 
thick  membranes,  which  are  often  prickly  on  their  outer  surface.  In 
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many  places  one  can  see  that  the  polymorphonuclear  leucocytes  have 
entered the  interior of the  capsule  in which  the  spores  lie through the 
opening formed by its bursting. 
The  tissue  is  in  a  bad  state  of  preservation.  Everywhere  one  finds 
very many large  bacilli  in  chains,  resembling  morphologically anthrax 
bacilli.  They do not show any constant relation to the lesions in their 
position,  and  are  most abundant in the blood-vessels so  that  one seems 
justified in assuming that they are organisms of putrefaction  (they did 
not  develop  in  any  of  the  cultures).  Mycelia were  not  found  in  any 
place. 
Kidneys  (Figs. 5 and 6).--Very many miliary and submiliary chronic 
abscesses are present.  The contents of the abscess-cavities consist of poly- 
morphonuclear leucocytes, some ]ymphocytes, and a  considerable number 
of epithelioid cells.  Around the abscess cavities there are layers of granu- 
lation tissue with many epithelioid cells, more peripherally lymphocytes 
(mostly plasma cells).  Giant cells are present, but are not very numerous. 
The largest abscesses  show central necroses.  In these necrotic areas dead 
polymorphonuclear leucocytes, etc., are fused together into a dense granu- 
lar substance which resembles very much caseous material, and is full of 
nuclear  debris.  In  other  places  (Fig.  6)  there  are  more  tubercle-like 
nodules, which consist largely of  epithelioid cells.  In  the  periphery of 
these nodules one finds many ]ymphocytes and plasma cells.  There may 
be some giant cells and in spots beginning caseation.  Extensive necroses 
are seen in the epithelial cells of the convoluted tubes and ascending loops 
of Henle. 
Parasites  are numerous, and are  found in  all  stages  of  development. 
In the middle of the abscesses there are many sporulating forms  (Fig. 5) 
or spore membranes enclosing many young parasites.  No other bacteria, 
no mycelium. 
Liver  (Fig.  7).--Very small submiliary nodules, which consist largely 
of  epithelioid  cells  and  lymphocytes (many  plasma  cells)  occur.  The 
lymphocytes and plasma cells are mostly in the periphery of the nodules. 
Among the epithelioid cells one may find a few large giant cells of Lang- 
hans' type.  The centers of the nodules are often caseated.  Moderate num- 
bers of young and adult parasites appear, almost invariably in giant cells. 
In a few of the nodules sporulating forms, surrounded by a small gather- 
ing of polymorphonuclear leucocytes, are encountered.  No other bacteria, 
no mycelium. 
Spleen (Fig. 8).--Many submiliary abscesses with some epithelioid cells 
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necrosis  and  formation  of  granular  or  fibrinous  deposits  with  much 
nuclear debris.  Many sporulating forms are seen in abscesses.  In a few 
spots are tubercle-like nodules consisting of epithelioid cells, lymphoeytes, 
and giant cells, and containing a  few young or adult forms.  No  other 
bacteria, no myce]ium. 
Stomach.--Some atrophy of mucous membrane, superficial  (post-mor- 
texn)  necrosis, otherwise normal. 
Sections from all organs were stained for tubercle bacilli and carefully 
searched for them, but with negative result. 
Parasites  were  also  found in  abundance in the  pus  from the  abscess 
over  the  left  eye.  Here  they  were  associated  with  staphylococci  and 
streptococci.  In  the  left pleura  (empyema)  they were  also  present in 
large numbers together with pseudo-diphtheria bacilli. 
CASE II  (Service  of  Dr.  ttirsehfelder).--G.  B.,  German,  admitted 
May 8,  1900,  from County Jail No. 2. 
In spite of all endeavors it has not been possible to obtain any infor- 
marion in regard to his former history. 
Patient  entered hospital  in  an  unconscious  condition, breathing  ster- 
torously.  Pupils small, reacting equally to light.  Head turned to right. 
Slight paresis  of muscles of right side  of face.  Muscles of extremities 
rigid.  No  pulmonary  dullness.  Outline  of  cardiac  dullness  normal; 
tones  clear;  pulse  full,  regular,  96.  Respirations  40.  Sensation  evi- 
dently not impaired.  When forehead is pricked with pin patient slowly 
raises hand to head.  With exception of paresis of right side of face, no 
paralysis  or  paresis  can  be  made out.  Voids  urine  and  feces  involun- 
tarily.  Urine removed by catheterization.  Acid, no albumin, no sugar, 
no diazo-reaction, no indican. 
May 9.  Patient somewhat brighter.  Evidently understands  what is 
said.  Puts out his tongue slowly when told;  closes  and opens his eyes 
when told.  Drinks  when cup  is  held to  his  lips. 
May 10.  Condition unchanged.  No  dullness over lungs. 
May  11.  Condition about the same.  Patient still unable to speak. 
May  12.  Same. 
May  13.  Same. 
May  14.  Patient  died at  2.40  P.  1~. 
Autopsy  Record.--96.  G.B.  Aged  50  years.  Laborer.  German. 
Died May 14, 1900, 2.40 P.M.  Autopsy May 16, 1900, 3 P. M. 
Moderately  strongly  built,  fairly  well  nourished  man.  No  enlarge- 
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lesion  on  external  genitalia.  Diffuse  brown  discoloration  of  the  skin. 
Slight cyanosis of both ears.  Beginning  green discoloration of abdom- 
inal  wall.  A  few  drops  of  slightly bloody fluid in  recto-vesical pouch. 
Diaphragm,  5th rib  on both sides.  Thorax well arched,  symmetric.  A 
few  drops of :slightly bloody fluid in right p!eural cavity.  Both layers 
of the pericardium attached to one another by moderately firm adhesions; 
perieardial  space  entirely obliterated. 
Heaxt.--Post-mortem  clot  in  pulmonary  artery.  Valves  normal  on 
both  sides;  slight  atheroma  of  aorta.  Cavities  of  heart  normal  size. 
Muscle  soft  and  flabby.  At  the  base  of  the  heart  the  pericardium  is 
much thickened.  In  ,spots  the  newly formed  cieatricial  tissue  is  infil- 
trated with a little purulent fluid.  In other places "ahere are a  few, just 
visible, greyish-white or yellow nodules. 
Lungs.--A few stringy adhesions at the apex of the left lung.  Pleura 
over  left  lung  otherwise  normal.  The  lung  itself  is  a  little  cyanotic. 
There is  a  little emphysema along the  free margin.  A  little  muco-pus 
in  bronchial  tubes.  The  mucous  membrane  of  the  bronchi  is  slightly 
reddened.  At the  apex near the  adhesions  there is  a  small  black  scar. 
Slight  thickening of pleura  at  right  apex.  Otherwise  right  lung  same 
as left. 
Spleen.--A little large,  13 x 11 x 4.5 cm.  It is soft.  The cut surface 
has a brick-red color and the markings are indefinite. 
Both adrenals normal. 
Left  ~idney  a  little  large.  Surface  studded  with  greyish-white  sub- 
miliary  nodules.  The  nodules  are  solid  and  some  of  them  are  sur- 
rounded  by  a  hypersemic  zone.  A  few  ,similar  nodules  in  cortex  on 
cut  surface.  Pelvis  of  kidney  normal.  Right  kidney  is  in  the  same 
condition as the left one. 
Appendix is of normal caliber end length.  It is  found curled up  in 
a little peritoneal pouch, which is situated on the median side of coecum, 
directly under the lower end of the ileum and within the mesentery.  This 
pouch is completely shut off from the rest of the peritoneal cavity by a 
thin  transparent  membrane.  The  sigmoid  flexure  i*s  fastened  to  the 
brim of the pelvis by some white stringy adhesions. 
A  little turbid urine was found in the bladder. 
Bladder, prostate, seminal vesicles, rectum, right testis normal. 
No enlargement of meser~teric glands. 
Bile-duct  is  open. 
A little dark brown mucus in stomach.  Extensive post-mortem diges- 
tion in fundus.  Atrophy of mucous membrane in pyloric region. 
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Liver very much decomposed and full of gas bubbles.  Gall-bladder and 
contents normal. 
Thick white coating on upper surface of tongue. 
Pharynx filled with muco-pus.  Tonsils  slightly enlarged. 
Oesophagus~ larynx, trachea, thyroid, thoracic aorta normal. 
Some of peribronchial lymph-glands  are enlarged ~nd  show numerous 
black spots on cut surface. 
Longitudinal  sinus  contains a  few post-mortem clots. 
Much oedematous fluid and gas in pin mater. 
Venous siuus  at basis of skull normal. 
The  pia  mater  at  the  basis of  the  brain and  more especially in  the 
Sylvian fissures  is  diffusely infiltrated  with  pus  and  full  of  submiliary 
yellow  nodules.  Large  numbers  of  similar  nodules  are  found  at  the 
bottom  of  the  longitudinal  fissure  of  the  brain.  A  little  turbid  fluid 
in both lateral ventricles.  On both sides of the septum the ependyma is 
studded  with  just  visible,  translucent,  greyish-white nodules.  The  sub- 
stance of brain is a little oedematous and anaemic,  otherwise apparently 
normal. 
AnatomicM Diagnosis.--Small  scars in both apices of lungs.  Pleuritic 
adhesions.  Purulent infiltration and (pseudo) tuberculosis of pericardium 
at  basis  of  heart.  Chronic  pericarditis  with  complete  obliteration  of 
pericardium.  (Pseudo)  tuberculosis of meninges,  spleen  and  both  kid- 
neys.  Ependymitis chronica nodosa. 
Microscopic Findings.--Brain  (basis, Figs. 9 and 10).--Pia mater very 
much thickened, hypermmic; it contains many smMl abscesses.  Most of 
them are more or less spherical, others more irregular in form.  At their 
central portions one finds irregular masses consisting of fibrin, fragments 
of  nuclei,  bodies  and  fragments  of  small  round  cells,  some  intact  and 
some broken-down blood-corpuscles, a few intact cells, most of which are 
po]ymorphonuclear leucocytes.  Further outwards follows a zone in which 
there is less fibrin, forming long slender fibers woven into a delicate net- 
work.  In the meshes are many polymorphonuelear leucocytes and a  few 
]ymphocytes.  In  the  periphery  of  the  abscesses  one  encounters  mostly 
lymphocytes, many plasma cells and large mononuclear cells, which often 
enclose in their bodies lymphocytes, or one or more of the few polymorpho- 
nuclear leucocytes which are also present.  Other cells of this kind are very 
large  and have a  vacuolated appearance, very much as  if they had  been 
loaded with fat.  There is no evidence of a formation of connective-tissue 
fibers between the  large mononuclear cells.  In some  abscesses  one finds 
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cells the nuclei are situated in the center.  In a few spots the character of 
the lesion differs from what has just been described.  In these places one 
finds nodules consisting almost entirely of large, more or less  irregular, 
mononuclear  cells,  with  lymphocytes and  plasma  cells.  The  center  of 
them is frequently necrotic.  These nodules, which resemble  very much 
recent  tubercles,  sometimes  contain  giant  cells.  The  tissue  between 
nodules and submiliary abscesses  contains much fibrin;  in many places 
there are h~emorrhages.  It shows a diffuse irregular infiltration with all 
the different form of cells mentioned, with the  exception of giant cells. 
The  blood-vessels  are  hyper~emic;  the  smaller  ones  show marked  mar- 
ginal  disposition of  leucocytes.  A  few smaller ones  are  obliterated by 
thrombosis.  The  thrombi  contain  many leucocytes of  different forms. 
Smaller, not occluding, thrombi of a similar kind are present in some of 
the larger blood-vessels. 
The parasites  can be found in the absces.ses and nodules, but they are 
present in small numbers only--apparently one or two in each abscess  or 
nodule.  In  most  cases  one  finds  empty  shells;  in  other  instances  are 
found  sporulating  forms with  many oval  spores  in  a  thick  double-con- 
toured membrane.  The spores  stain hardly at all with any of the  dyes 
that were used  (h~ematoxylin, eosin, methylene blue, Van Gieson's stain, 
carbolfuchsin).  Spore-like bodies may also occasionally be found in the 
surroundings of an empty burst shell.  Quite often these empty shells are 
filled with leucocytes, mostly polymorphonuclear forms.  Only rarely one 
finds young forms.  The parasites are often enclosed in giant cells. 
No tubercle  bacilli ~or any other bacteri~ are found. 
Testicle.--No changes. 
Spleen.--Slight brown pigmentation.  Pulp rich in large mononuclear 
cells and plasma cells.  In one Malpighian body is  a  submiliary nodule 
consisting of epithelioid cells. 
Kidney.--The nodules consist of a  peripheral  layer of connective tis- 
sue.  Inside of this  layer of connective tissue there is  a  layer of tissue 
consisting mostly of large irregular monvnuclear cells, and also some capil- 
laries.  The rest of the cells are lymphocytes and plasma cells.  In this 
layer there  are  several  giant  cells  mostly of  the  Langhans type.  "The 
center  of the nodule is  formed by a  necrotic  mass,  in  the periphery of 
which one can recognize the former structures in outline.  The center is 
structureless and finely granular.  In parts  of the necrotic material one 
finds  irregular  fragments  of  nuclei.  Almost all  epithelial  cells  in  the 
convoluted tubules and in descending loops of Henle are necrotic. 
Stomach.--Marked  atrophy  of  mucous  membrane  and  necrosis  of 
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Pericardium  at  basis of  the  heart  (Fig.  ~).  Marked  thickening  of 
both layers by development of fibrous tissue.  Between the  basis  of the 
aorta  and the  thickened  pericardium  there  are  isolated  nodules  which 
resemble very much tubercles.  They also occur in small groups.  They 
consist of epithelioid cells and lvmphocytes.  The lymphocytes are more 
numerous  in  the  periphery  and  many  of  them  have  the  appearance  of 
plasma  cells.  Among the epithelioid cells there are large  giant cells  of 
the  Langhans  type.  Some  of  the  nodules  show  central  caseation,  in 
others  a  fine reticulum  of connective-tissue fibers  is  visible between  the 
epithe]ioid cells.  In one spot the center of a  small nodule ~s completely 
disintegrated,  and  the  space  produced by  the  destruction of  the  tissues 
is  filled  in  with  polymorphonuc]ear  leucocytes  and  some  lymphocytes. 
Between the nodules and outwards from them there is a very thick layer 
of dense scar tissue, in which there are a considerable number of "Mast- 
zellen."  In the neighborhood of the pulmonary artery the vasa vasorum 
are surrounded by a cellular tissue consisting largely of lymphocytes and 
fibrohlasts.  A  small  vein which runs  through  the  granulation  tissue  is 
partly obstructed by a thrombus which contains many polymorphonuclear 
leucocytes.  No parasitic organism,s in thrombns. 
Parasites  are found in considerable number in nodules  at the basis  of 
the aorta, mostly young and adult forms; in places  where a healing ten- 
dency  is  marked  one  often  finds  empty  shells.  No  sporulating  forms 
were  seen.  No  tubercle bacilli  and  no  other bacteria  except clumps  of 
short pole-staining bacilli in some of the blood-vessels.  No  parasites  in 
the granulation tissue in the adventitia of the pulmonary artery. 
Lungs.--A section from a small scar near the apex of one lung contains 
a thick mass of scar tissue with hyalin degeneration and central necrosis ; 
no  parasites;  clumps  of bacilli  in  some  of the blood-vessels.  A  section 
from the  lower lobe shows  hyper~emia  and  partial  collapse.  Bacilli  in 
hronchioli and in some of the blood-vessels. 
In  a  section  from  a  large  scar  the  pulmonary  tissue  is  entirely col- 
lapsed;  septa somewhat thickened by formation of granulation  tissue in 
them; many gianf cells in collapsed air spaces.  Large areas of granula- 
tion~and  cicatricial tissue.  In granulation  tissue  nodules  of epithelioid 
cells with giant cells;  some show central caseation.  In one nodule com- 
plete  disintegration  of  center with  formation  of  small  cavity  which  is 
filled with albuminous detritus and nuclear debris. 
Parasites  (adult  forms and  empty shells)  in  nodules;  no  sporu]ation 
forms;  no tubercle bacilli or other bacteria. 
Appendix.--Atrophy  of  mucous  membrane.  Thickening  and  indura- 
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GUINEA-PIG NO.  1  (Drs. Moflitt and Ash).  Feb, 7, 1900. 
Piece  of lung inserted  under skin.  Killed  April  20.  At the  point  of inoc- 
ulation a  thick scar had  ~le~celoped.  In the scar there were a  few just visible 
yellow spots, and in them a  few adult forms of the protozoon-like bodies were 
found.  No lesions in regionary lymph-glands or internal organs. 
GUINEA-FIG No. 2, male (:Drs. Moflitt and Ash-).  February 10,  1900. 
Particles of lung of Case I  suspended in  normal salt-solution injected  into 
peritoneal  cavity;  about  end  of  second week,  the  animal  shows loss  of  cus- 
tomary  activity.  On  or  about  February  26.  animal  showed  a  well-marked 
orchitis and swelling at the site of inoculation, with gradual emaciation.  The 
guinea-pig was killed with chloroform on March 2. 
Findings  at Autopsy,--Suppuration  around both testicles;  enlargement and 
inflammation of  inguinal  glands;  white  miliary  and  submiliary  nodules  in 
spleen,  diaphragm  and  lungs,  Fresh  specimens  from  the  different  organs 
showed the protozoon-like bodies in  different stages of development;  no  my- 
celia.  Cultures from pus near testicle and cultures from the abdominal cavity 
gave  the  same  mould  that  had  been  recovered  from  pleura  and  spleen  of 
Case I.  A  culture from the blood  remained sterile. 
Result of microscopic  examination: 
Lungs.--Large  areas  in  which  the  septa  are  moderately  thickened  by  an 
infiltration  with  lymphocytes  (mostly  plasma  cells).  The  air-spaces  are 
partially  collapsed.  They contain enlarged  and  desquamated epithelial  cells, 
some  giant  cells,  in  spots  a  few  polymorphonuelear leucocytes  and  a  little 
fibrin,  Parasites  were  present  in  moderately  large  number,  mostly  mature 
forms.  A  few sporulating forms and some burst spore shells. 
Inguinal  Gland.--No  changes. 
Kidney.--No  changes. 
Spleen.--In  the capsule small nodules consisting of cicatricial tissue with a 
few  plasma cells  in the periphery.  Many  adult  forms  in this tissue. 
Heart.--A  small thrombus between trabeculae carneae at the bottom of the 
left ventricle.  In spots the thrombus shows irregular groups of polymorpho- 
nuclear leucocytes. 
Cerebrum and  cerebellum  normal. 
Testicle.--On  the surface of the testicle has been formed an irregular thick 
layer of a  rather cellular cicatricial tissue, in which there are few capillaries. 
In it there are small irregular patches of more cellular tissue.  In spots these 
patches  consist of  epithelioid  cells  and  contain  giant  cells  of  the  Langhans 
type;  in  short,  they  resemble  very  much  tubercles  (Fig,  11).  Sometimes 
giant cells containing parasites are directly imbedded in the cicatricial tissue. 
In  most  places,  however,  there  are  smaller  and  larger  irregular  abscesses 
which  are  in  great  part  filled  with  polymorphonuclear leucocytes,  and  sur- 
rounded by  a  thin  layer of  epithelioid  cells.  Parasites  are  present  in  large 
number.  The young and adult forms are mostly enclosed in the giant cells in 
tubercles  and  cicatricial  tissue.  Sporulating  forms  are  found  in  the 
abscesses.  The  old  sporulating  forms  have  a  rough  outer  surface.  The 
minute  irregular  projections  which  one  finds  on  their  outside  stain  with 
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Diaphragm.--Large  nodules  on  lower  surface.  Nodules  consist  largely  of 
fibroblasts  with  small  strands  of  connective-tissue  fibrils  between  them.  In 
spots there  are  groups of plasma cells.  In one  place  there  is  a  small  nodule 
that  consists almost entirely  of fusiform cells  with  radial  arrangement.  The 
center  of the  nodule  is formed  by a  sporulating  form  in  which the  spores are 
almost  ready  formed.  In  the  fibrous  tissue  there  are  many  adult  parasites, 
mostly enveloped by a  thin  protoplasmic layer  of large  connective-tissue cells 
which  frequently have  several  nuclei.  Large  typical  giant  cells  are  scarce. 
GUINEA-PIG NO.  3,  male.  March  2,  1900. 
Inoculated with the  pus from one  of the  testicles  of Guinea-pig 2,  intraperi- 
toneally.  In ten days there developed swelling of the testicles,  later the symp- 
toms  subsided somewhat.  The  animal  was  killed  April  7,  with  chloroform, 
and  presented  similar  but  more extensive  lesions than  the  second  guinea-pig. 
In addition  to  the  nodules  in  spleen,  diaphragm  and  lungs there  were  others 
in  the  peritoneum  near  the  point  of'injection.  The  omentum  was  rolled  up 
and transformed into a  mass of hard white tissue with just visible yellow dots 
in  it.  Again  the  microscopic  examination  of  fresh  specimens  showed  the 
protozoon-like  bodies  in  pure  culture,  but  no  mycelia,  and  tubes  inoculated 
from  testicle  and  omentum  developed  pure  cultures  of  the  mould. 
Microscopic Examination.--Omentum is attached  to pancreas by  thick  layer 
of dense cicatricial  tissue.  The omentum itself  is transformed into an irregu- 
lar  mass of  cicatricial  tissue,  which  contains  numerous  abscesses.  The  cica- 
tricial tissue is rich in cells;  the majority of them are fusiform or more or less 
star-shaped  connective-tissue  cells.  Between  the  ceils  there  are  bunches  of 
connective-tissue  fibrils.  There  are  also  many  large  polynuclear  giant  cells 
present,  most of them  of the  Langhans  type.  In  addition  one  finds  a  consid- 
erable number  of lymphocytes.  Apparently no  capillaries. 
The abscesses are  filled  almost  entirely  with polymorphonuclear leucocytes, 
but there are a  few lymphocytes and a  few irregular epithelioid  cells  in  them. 
Of the latter  there is a  thin layer on the wall of the abscesses.  In the centers 
of some of the abscesses one observes beginning disintegration of the polymor- 
phonuclears, and beginning formation of fibrin. 
Parasites.--Many young and adult  forms are scattered through the cicatricial 
tissue,  all  enclosed  in  giant  cells.  Several  show evidence  of  degeneration--a 
small  amount  of  protoplasm,  partial  collapse  of  membrane  (Fig.  17)  and 
vacuolization.  In  the  abscesses  are  only  a  few  young  and  adult  forms,  but 
many  burst  spore  shells.  Of  five  sporulating  forms,  four  were  situated  in 
abscesses.  In those  in  which  the  spore membrane  had  burst,  polymorphonu- 
clear  leucocytes  have  penetrated  into  the  interior.  In  the  sporulating  form, 
which was not in  an abscess, the  protoplasm had  divided,  but the  spores were 
not  ready  formed  and  the  membrane  was  unopened.  The  small  portions  of 
protoplasm  out  of  which  the  spores  later  form,  stain  very  well,  the  spores 
themselves very badly,  or not at all.  No  other  bacteria,  no  mycelium. 
The  lesions  in  and  around  the  testicle  (Figs.  12,  13,  14,  16,  17)  have  very 
much the same microscopic appearance as  those found in the  omentum.  The 
amount  of  suppuration  is  a  little  larger,  and  there  is  more  evidence  of  de- 
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There is also a  considerable amount of fibrin in these necrotic areas.  Several 
sporuZating  forms  and  many burst shells are  found in the abscesses.  In  the 
granulation and cicatricial tissue around the abscesses are  several young and 
several adult forms  (some of them in a  degenerated condition)  in giant cells. 
AdrenaL--Normal. 
Liver.--In one spot is a  very small nodule in the periportal connective tissue. 
The  nodule consists of fibroblasts and  lymphocytes.  There  is  one  giant  cell 
in  it.  No  parasites.  A  complete  series  of  sections  from  the  nodule  was, 
however, not obtained. 
Lung.--A few small patches in which the septa are thickened by an infiltra- 
tion  with  lymphocytes  (mostly plasma cells)  and  fibroblasts.  The air-spaces 
are collapsed.  The epithelium is swollen and partly desquamated.  In  one of 
the air-cells several young parasites  in a  giant cell. 
Diaphragm.--On  lower  surface a  small nodule consisting of fibroblasts and 
mostly plasma cells.  No parasites  found  (not a  complete series). 
Kidneys  and pancreas  normal. 
Spleen.--One  very  small  nodule  consisting largely  of  epithelioid  cells.  It 
contains  a  few  polymorphonuclear leucocytes  and  giant  cells.  No  parasite 
found  (not  a  complete  series).  In  fresh  specimens,  however,  a  few  adult 
forms were demonstrated. 
GUII~EA-PIG NO.  4. 
About 1  c.cm. of a  suspension of a  third  generation from a  pure  culture of 
the  mould on  agar-agar was injected  into the  peritoneal  cavity.  The  culture 
had been growing a  comparatively short time only.  The guinea-pig was killed 
about four weeks later.  No lesions were found at the autopsy. 
GUINEA-PIG NO.  5.  October  23,  1900. 
An  emulsion  from  a  pure  culture  of  the  mould,  which  contained  many 
spores, was injected subcutaneously.  On November 2,  marked swelling at the 
point of injection with  central  ulceration was  noted.  The ulcer  was  covered 
with a  thick brown scab, underneath which there was a  considerable accumu- 
lation of thick creamy pus.  Killed December 7,  1900.  The condition had not 
changed materially.  There was little  loss of weight. 
At  the  postmortem, which  was performed  immediately, a  small  ulcer  was 
found at the point of inoculation, which was covered by  a  thick brown  scab. 
Underneath  the  scab  there  was  a  small  accumulation of  thick  creamy  pus. 
The bottom of the ulcer was formed by a  thin layer of red granulation tissue. 
Underneath the granulation tissue there was some white cicatricial tissue.  The 
muscles of the abdominal wall were not involved in the process.  The inguinal 
glands were  enlarged on the left side  (side of inoculation).  The largest one 
had the size of a  small split-pea.  In the center of this lymph-gland there was 
a  comparatively large abscess-cavity which was filled  with  thick,  light-yellow 
purulent material.  In one place the abscess had perforated through the skin. 
Spleen.--Slightly  enlarged. 
A  few just visible nodules in the lungs. 
The other organs did not show any microscopic changes. 
In  the pus from the  ulceration a  large  number of protozoon-like  bodies  in 
different stages of development were  found during the lifetime of the animal 
and also at the postmortem.  Mycelia were not present. 
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GUINEA-PIG  NO.  6.  October  23,  1900. 
Inoculated  with  the same  emulsion  intraperitoneally. 
November  2.  Marked  swelling of both  testicles  with  reddening  of  the skin 
over them.  The  animal  was killed  on  December  2.  At the  point  of  injection 
a  small ulcer had  formed,  from  which  there  was a  scanty  purulent  discharge. 
The tissues  around  the  , ulcer  were  transformed  into  a  hard,  partly  greyish- 
white,  partly  yellowish  mass.  The  change  extends  down  to  the  peritoneum, 
which  over the diseased area  in the abdominal  wall  is considerably  thickened, 
white in color  and retracted  in the form  of a  star-shaped scar.  In the parietal 
peritoneum there  are several projecting  yellowish-white  nodules.  The  largest 
one has the size of a  millet-seed.  The peritoneum  near these nodules shows a 
white  discoloration.  Numerous  nodules and  extensive diffuse infiltrations  are 
found  in  the  diaphragm.  One nodule  with  a  small  central  defect  is  situated 
at the apex  of the bladder. 
The  omentum is retracted  and  forms  a  thick,  irregular,  hard,  nodular  mass 
along the larger  curvature  of the  stomach.  On the  left side  it  adheres  to  the 
abdominal  wall.  On cross section one finds  in the partly  white, partly  greyish 
tissue  many  submiliary  abscesses. 
The  spleen  is  adherent  to  posterior  abdominal  wall  and  laterally  to  the 
omentum.  It  is slightly enlarged  and  contains  a  few  submiliary  nodules. 
In  both  kidneys there  are  a  few  greyish-white  nodules. 
Both  testieZes  are  about  three  times  the  normal  size,  and  adherent  to  the 
skin.  In  front  between  testes  and  skin  there  are  large,  irregular  abscess- 
cavities  which  are  filled  with  thick  creamy  pus.  On the  left  side  the  abscess 
has  perforated.  The  testicular  tissue  is  almost  completely  destroyed.  In  its 
place  one finds  greyish-white  granulation  and  white  cicatricial  tissue. 
In  the  liver there  are  a  few  nodules.  The  largest  ones  have  the  size  of  a 
millet-seed  and  show  a  central  yellow  discoloration.  Many  submiltary  grey 
nodules  in the  lungs. 
Heart normal. 
A  few  small  nodules  in  the pancreas. 
On both sides of the spinal column  there  is a  thick  layer of granulation  and 
cicatricial  tissue  in  and  underneath  the  peritoneum. 
One  inguinal  gland  on  the  opposite  side  from  the  point  of  injection  is 
slightly enlarged. 
Protozoon-like  bodies  were  found  in  fresh  specimens  from  the  nodules  and 
the abscesses.  No  mycelia. 
RABBIT No.  1,  large  male.  March  21,  1900. 
Into  vein  of  ear  was  injected  .75  c.cm.  of  a  milky  suspension  of  a  pure 
culture  grown  on  sugar-agar-agar  (2%  glucose)  with  contained  very  many 
spores. 
May  5.  Rabbit  much  emaciated, very  weak.  Killed. 
Very many  submiliary  white  nodules  in  lungs, a  few just visible  nodules  in 
spleen and  kidneys. 
Microscopic  Examination.--Liver.--Very few,  very  small  nodules  consisting 
of epithelioid  cells  and lymphocytes  with  central  giant  cells.  The nodules  are 
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Kidney  (Fig. 22).--Submiliary nodules in which there is a  gathering of epi- 
thelioid  cells,  some  polymorphonuclear  leucocytes  and  plasma  cells  in  the 
spaces between the uriniferous tubules.  Some such cells are also found inside 
of some of the tubules.  In the center of the nodules the epithelial cells fill the 
lumen of the  tubules completely and  fuse together  into  large  multinucleated 
protoplasmic masses.  In some of these latter  some of the nuclei have under- 
gone  degenerative  changes;  they  shrink,  become  irregular  in  outline  and 
stain very intensely throughout  (pyknosis).  Nevertheless they show a  well- 
marked, very deeply staining nucleolus.  The diseased areas are  always situ- 
ated  near  a  small  artery.  There  is  a  slight  production  of  connective-tissue 
fibrils in them;  no sign of caseation or suppuration.  In some of the tubules 
one  finds  casts  containing  remnants  of  polymorphonuclear  leucocytes  and 
epithelioid cells.  The nodules contain many young and adult parasites.  Spor- 
ulating forms were not found in spite of careful examination of many sections, 
and fresh teased specimens.  The protoplasm of most of the parasites is finely 
vacuolated.  Their  membrane is  exceptionally thin.  There  are  few  degener- 
ating forms and a  few empty shells.  In some places the parasites are situated 
in  enlarged epithelial  cells. 
Spleen.--One small area consisting of fibroblasts with some connective-tissue 
fibers between them.  There are also some lymphocytes (mostly plasma cells) 
and  many  large  giant  cells.  Several  young  and  adult  parasites  are  found 
enclosed in the giant cells. 
Lungs  (Fig.  20).--Large  nodular  areas  in  which  the  septa  are  thickened 
on  account  of  marked  infiltration  with  lymphocytes  (mostly  plasma cells). 
The  air-spaces  are  partly  collapsed.  The  epithelium  is  swollen,  and  there 
are  signs  of  proliferation.  On  account  of  the  large  size  of  the  epithelial 
cells some of the air-spaces have a  gland-like appearance.  In other air-spaces 
the  desquamated epithelial cells have become fused together  into  large  giant 
cells.  It  is  possible to  recognize by the  different appearance of  their  nuclei, 
that  sometimes  epithelioid  cells  also  participate  in  the  formation  of  such 
giant cells.  In  some of the  giant cells some of the  nuclei  are  pyknotic.  In 
one  especially large nodule the  center  is formed by  detritus which  is  full  of 
nuclear debris and remnants of polymorphonuclear leucocytes. 
Parasites  are  present  in  moderate  numbers;  young  and  adult  forms;  no 
sporulating  forms.  Mycelia  were  not  found  in  sections  or  in  fresh  teased 
specimens.  No  tubercle bacilli  or  other  bacteria. 
RABBIT NO.  2.  March 21,  1900. 
Received  .5  c.cm.  of  a  suspension of  a  culture  grown  on  beef-tea  injected 
into  large  vein  of  ear.  The  culture  apparently  did  not  contain  any  spores. 
The animal died very much emaciated, May 17,  1900. 
Many  submiliary white  nodules  in  lungs,  kidneys,  spleen.  Near  the  free 
edge of the liver there are bright yellow, irregular, badly outlined spots with 
hypera~mic  margins.  Fresh  teased  specimens show  protozoon-like  bodies  in 
all nodules;  none were  found in the discolored areas in the  liver. 
In some of the nodules two small forms are closely approximated and form 
figure-8 forms.  In none of the specimens were  any mycelia seen. 
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there  is  a  slight  thickening  of  the  connective  tissue  with  atrophy  of  some  of 
the  muscle  fibers.  No  parasites. 
Intestine normal. 
Spleen  (Fig.  18),--Conglomerate  submiliary  nodules,  consisting  largely  of 
epithelioid  cells  with  many  giant  cells.  In  the  centers  of some of them  there 
are  small  collections  of  polymorphonuclear  leucocytes,  some  of  which  show 
karyorrhexis  and  beginning  disintegration  of  the  protoplasm.  They  are  im- 
bedded  in  a  stringy  material  which,  by  van  Gieson's  method,  stains  dark 
brown,  with  eosin bright  red  (fibrin).  In  the  peripheral  parts  of  the  nodules 
are  many  lymphocytes  (mostly  plasma  cells).  In  the  periphery  of  nodules 
connective-tissue fibers  are  found  between  epithelioid  cells. 
Parasites.--Moderate  number.  Mostly  in  giant  cells,  adult  forms;  many 
collapsed,  degenerating  forms  with  little  protoplasm  or  none  at  all.  No  bac- 
teria. 
AdrenaL--Normal. 
Kidney.--Nodules  very  much  like  nodules  in  spleen;  perhaps  more  lympho- 
cytes  throughout  nodules;  marked  evidence  of  formation  of  fibrous  tissue  in 
periphery. 
Parasites.--None found in  sections, but a  few in each  nodule  in  fresh teased 
specimens.  No  bacteria. 
Liver  (Fig.  15).--Extensive  necroses  of spherical  or  irregular  form  (yellow 
spots).  The  spaces between  the  necrotic  liver  cells  are  filled  with  very  irreg- 
ular  epithelioid  cells.  In  the  central  portions  there  are  many  polymorphonu- 
clear  leucocytes  in  varying  stages  of  disintegration  and  much  nuclear  debris. 
The  necrotic  liver  cells  stain  intensely  red  with  eosin.  With  van  Gieson's 
method  the  peripheral  ones  stain  light  brown  very  much  more  like  normal 
liver  cells;  the central  more  degenerated  ones more  darkly.  In the  periphery 
of the  nodules  a  few  lymphocytes  (mostly  plasma  cells). 
Parasites  found  neither  in  sections,  nor  in  fresh  teased  specimens;  no 
bacteria. 
In  other  parts  of  the  liver  there  are  submiliary  nodules  consisting  of  epi- 
thelioid  cells  (Fig.  19). 
Lung.--Single  or  conglomerate  nodules  where  the  septa  are  thickened  and 
air-spaces  are  filled  with  cells  mostly  of  the  epithelioid  type.  In  peripheral 
parts of nodules one finds connective-tissue fibers between the epithelioid  cells. 
With  the  epithelioid  cells  there  are  found  lymphocytes  (mostly  plasma  cells) 
especially  in the periphery  of the nodules.  In  the central  portions  of some of 
the  larger  nodules  there  are  accumulations  of  polymorphonuclear  leucocytes 
surrounded  by  necrotic  material  which  stains  very  intensely  with  eosin  and 
dark  brown  with  van  Gieson's method.  In  one place  a  microscopic  cavity  has 
been formed  by the destructive  process.  The  septa of the adjoining  air-spaces 
are  slightly  thickened,  the  air-spaces  themselves  are  collapsed  and  either 
partly  or  entirely  filled  with  large  desquamated  epithelial  cells. 
Parasites are present  in considerable  numbers,  mostly young  or  adult  forms. 
Many  exhibit  signs  of  degeneration.  They  are  folded,  contain  little  or  no 
protoplasm,  or  show vacuolization.  In  one  place  are  a  few  sporulating  forms 
surrounded  by  polymorphonuclear  leucocytes.  All  other  forms  are  enclosed 
in  giant  cells. 
Uterus and  cerebrum  normal. W.  Ophiils  481 
RABBIT  NO.  3,  large  male.  March  21,  1900. 
Received  .2  c.cm.  of  a  suspension  of  a  third  generation  of  the  mould 
(mycelium with few spores)  injected  into  large  vein  of ear. 
August 2.  The  animal  shows complete  paralysis of posterior part  of  body. 
Killed. 
Post-mortem Findings.--Peritoneal  cavity.--No  abnormal  contents.  Bladder 
very  much  distended,  reaches  almost  to  lower  surface  of  liver.  Numerous 
white  slightly  retracted  scars  of  the  size  of  a  pin's  head  in  the  spleen  and 
kidneys.  A  few  white  nodules  of the  same  size  in  posterior  part  of  liver. 
Larger white  hard  nodule of the  size  of a  millet-seed  on  the  lower surface of 
the  right  half  of  the  diaphragm.  Just  visible  greyish-white nodules  in  both 
lungs.  Heart  normal.  In  the  serosa  over  the  large  intestine  is  a  miliary 
white,  hard,  projecting  nodule.  Brain.--After  removal  of  skin  covering  the 
head, the bone is found to project about 2  mm. above the normal level on both 
sides  over the  frontal  lobes.  The  projection  is  more marked  on  the  left  side. 
The projecting area  measures about  3  mm.  in  diameter and  is  of a  yellowish 
color  with  red  margin.  Underneath  it  there  is  an  abscess  filled  with  thick 
semi-fluid  pus.  On  the  lower  surface the  abscess projects  into  the  skull  and 
has  caused  considerable  compression  of  the  left  frontal  lobe.  Brain  and 
meninges otherwise normal.  The lower part of the lumbar cord is compressed 
by  a  tumefaction  and  purulent  infiltration  of  the  posterior  parts of  three  of 
the  upper lumbar vertebrae and  the adjoining tissue. 
Examination  of  fresh  specimens.--In  the  abscess over the  left  frontal  lobe 
there  are  a  moderate  number  of .parasites;  adult  forms,  some  empty  shells, 
three sporulating forms.  Otherwise the abscess contains mostly fatty detritus. 
Similar findings are  noted  in specimens from the  diseased  area  in the lumbar 
region, but the  specimens contain less fat. 
In the nodule in the  lung,  a  few adult  forms are seen; there  is much fat  in 
central  part of nodule. 
The nodule in the liver is calcified;  there are no parasites. 
The nodule  in the  kidney  shows one  empty shell. 
The nodule  in the  spleen shows several  adult  and  young forms.  One  para- 
site shows a  figure-8  form.  In one spot about eight young forms are  enclosed 
in a  common capsule. 
The  diaphragmatic  nodule  is  filled  with  pus,  which  contains  many  adult 
and  young  forms,  two  sporulating  forms,  one  group  of  young  forms  in  a 
common capsule,  and  several  parasites  with  figure-8  form. 
Microscopic  Examination.--Spleen.--The  capsule  shows a  slight  wrinkling. 
At  the  bottom  of  the  depressions  there  are  small  masses  of  fibrous  tissue, 
which differ  from the  connective tissue of the capsule by an  absence of  invol- 
untary  muscle-fibers,  and  also  by  an  irregular  infiltration  with  lymphocytes. 
No parasites  found in sections. 
Liver.--In  most places  there  is  a  slight  (in  some  a  marked)  proliferation 
and  moderate  lymphocytic  infiltration  of  the  periportal  connective  tissue. 
Some of the fibroblasts have entered the spaces between the rows of liver cells 
and  are  beginning to  encroach  upon the  latter.  No nodules;  no  parasites. 
Kidney  (Fig.  21).--In  the  cortex  and  medulla  are  seen  irregular  small 
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small,  not  differentiated.  Between  the  collapsed  tubules there  are  strands  of 
fibrous tissue.  The glomeruli in these areas  show a  fibrous thickening  of the 
capsule;  in  others is seen typical hyalin degeneration.  Quite a  number  of the 
uriniferous  tubules  inside  and  near  such  areas  contain  large  hyalin  casts. 
The lymphatics in the  medullary part of the  kidney  are  very much  distended 
and  filled  with  hyalin  material  (coagulated  lymph?).  No  parasites  in  sec- 
tions. 
Lung.--The  nodules  of the  lung appear  in  two different  forms.  In one the 
center  of  the  nodule  consists of  irregularly  arranged  large  cells  with  a  large 
spongy  protoplasmic  body.  With  such  cells  one  finds  irregular  groups  of 
lymphocytes.  The  periphery  is  made  up  of  dence  fibrous  tissue.  These 
nodules  contain  a  few  adult  intact  or  degenerated  parasites.  The  other 
nodules consist of fibrous tissue in which the remnants of the air-spaces appear 
as  gland-like  formations with  cuboid  epithelial  cells  on  their  wall.  No para- 
sites  found  in  such  nodules.  One  of  the  larger  branches  of  the  pulmonary 
artery  is  completely  obstructed  by  a  thrombus.  The  thrombus  consists  of 
conglutinated  blood  platelets,  red  blood  corpuscles,  some  fibrin  and  in  the 
middle  of  it  there  is  considerable  nuclear  debris.  There  is  no  evidence  of 
organization.  No parasites. 
Intestine.--The  nodule  situated  in  the  subserosa has  destroyed  the  muscu- 
laris  but  does  not  reach  into  the  mucous  membrane.  The  periphery  of  the 
nodule  is  formed  by  dense  fibrous tissue  with  slight  lymphocytic  infiltration. 
In the  middle  of the  nodule there  is an irregular necrotic  area  which  is  com- 
posed  of  granular  albuminous  detritus,  and  nuclear  debris  in  large  quantity. 
There are also a  few polymorphonuclear leucocytes and a  considerable number 
of very large  irregular  cells  with large  clear  nuclei,  the  protoplasm of  which 
contains  remnants  of  cells  and  nuclear  debris.  Interposed  between  the  per- 
ipheral  and  central  parts  of the  nodule  one  finds  a  thin  layer  of  granulation 
tissue  composed  of  large  epithelioid  cells,  lymphocytes,  a  few  polymorpho- 
nuclear leucocytes,  and some large  giant cells.  Parasites.--Many adult  forms 
are seen in the  granulation tissue, mostly in giant cells.  In the broken-down 
centers  of  the  nodules  are  some  adult  forms,  many  empty  shells,  several 
sporulating forms.  In  one  spot  is  seen  a  shell  with  about  six  young  forms 
inside it. 
Spinal column.--In the bony parts laterally  and  posteriorally the  medullary 
tissue is  replaced  by granulation tissue;  many of the  remaining bony spicula 
show evidence  of beginning absorption  (Howship's lacunae  with  osteoclasts). 
In  the  granulation  tissue  there  are  numerous  submiliary  abscesses,  that  are 
either  filled  almost  entirely  with  polymorphonuclear  leucocytes  or  show 
polymorphonuclear leucocytes  in  the  periphery  and  in  the  center  a  necrotic 
mass  that  consists  of  albuminous  detritus,  remnants  of  cells  and  nuclear 
debris.  In  spots the  granulation  tissue  around  these  abscesses  shows exten- 
sive  necroses.  These  necrotic  areas  contain  less  nuclear  debris.  The  granu- 
lation tissue is in most places surrounded by a  layer of  cicatricial tissue.  There 
is very little,  if any, new formation of blood-vessels.  There are  comparatively 
few giant  cells  in the  granulation tissue. 
Parasites.--In  the  granulation tissue are  many  adult  forms, some  in  giant 
cells.  In  many  of the  abscesses sporulating forms are  seen.  The  spores  are W.  Ophiils  483 
somewhat different in form.  In the middle of the mass of spores one usually 
finds S-shaped forms.  Laterally they are mostly biconcave disks or biconcave 
plates, some three-cornered, other hexagonal.  There are also pyramidal forms 
with concavities on all their surfaces.  Of all forms only the peripheral ones 
stain  at  all;  quite  well  with  hematoxylon  or  other  nuclear  dyes,  whereas 
eosin and other protoplasmic dyes stain them less distinctly. 
Skull  (Fig. 24).--Lesions of the same character, by which in one place the 
bone is destroyed in its entirety from dura to outer periosteum. 
RABBIT NO. 4.  September 10,  1900. 
Small white rabbit inoculated with 1 c.cm. of a  milky suspension of culture, 
containing many spores, into ear-vein. 
September 12.  A  small abscess has formed at the point of injection. 
Microscopic examination of the  pus  shows many polymorphonuclear leuco- 
cytes, many spores.  A  few of the spores have germinated and developed into 
short hyphae  (Fig. 28). 
September 13.  Hyphae  disappearing.  Many  of  the  spores  are  developing 
into protozoon-like bodies  (Fig. 29).  The  development takes  place by simple 
enlargement.  Either the spore grows as  a  whole or  there is  first a  bulging 
out  on  one  side  with  thinning  of  the  spore-membrane at  that  point.  The 
spore membrane, however, develops directly into the membrane of the proto- 
zoon-like bodies. 
September  14.  Further  development of  protozoon-like bodies.  One  finds 
already several sporulating forms.  In one place there is an empty shell.  This 
shell and several more of the later stages are distinctly prickly on the surface 
(fresh specimen without addition of any chemical).  One form has a  flgure-8 
shape.  One body is not spherical, but has a  decided pear-shape. 
September 15.  Very many sporulating forms; very many forms with prickly 
surface. 
September 17.  Hardly  any  mould-spores left.  Many  empty shells.  Many 
of the adult forms show a  large central or slighly eccentric vacuole  (Fig. 30) ; 
one of them has a  distinct pedicle (Fig. 30). 
September 20.  Some pus,  which at  this  time  does not contain any  of the 
original spores from the mould, is suspended in a  drop of beef-tea, and incu- 
bated for  24  hours.  After that  time  numerous  hyphae have  developed from 
adult  forms  (Figs.  32  and  33)  and  also  from spores of protozoon-like bodies 
(Fig.  34).  The  hyphae  are  especially  numerous  around  sporulating  forms. 
The animal  died in the night from October 15  to 16,  1900. 
Post-mortem examination,  October 16,  9  A.M. 
The animal  is very much  emaciated.  At the site or ~noculation  there is  a 
swelling, which  extends about  2  cm.  from  the  basis  of the  ear  towards the 
distal end following the marginal vein.  The  swollen parts  are  covered with 
thick  scabs,  underneath  which  there  are  irregular  ulcerations  in  the  skin. 
The swollen tissues are irregularly infiltrated with pus. 
Lungs.--Bright red.  Very many, just visible, grey nodules are seen. 
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Kidney.--A  few just visible subeapsular nodules.  Many larger  ones  (about 
the  size  of  millet-seeds)  with  grey  periphery  and  yellow  center  projecting 
over cut surface at  the  border line  between cortex and  medulla. 
Liver.--No macroscopic lesions. 
Bladder.--Much  distended. 
A  few drops of slightly bloody fluid in the peritoneal cavity. 
No lesions in the central nervous system. 
Experiments  on  cold-blooded  animals  have  been  confined  to  two 
frogs.  One was inoculated  subcutaneously,  the  other  into  the  peri- 
toneal  cavity.  In both experiments  the  result  was  absolutely nega- 
tive. 
Collodion  sac  experiment--August  25,  1900,  a  collodion  sac  containing  a 
little  beef-tea  and  some material  from  a  pure  culture  with  many  spores  was 
introduced  into the abdominal cavity of a  rabbit.  August 30.  Rabbit  killed; 
some suppuration around sac.  Contents consist entirely  of spores;  no  proto- 
zoon-like bodies. 
EXPLANATION  OF  PLATES. 
(Figs.  1-24  inclusive  are  microphotographs.) 
PLATE  XXXIV. 
Fig.  1.  x  90.  Tubercle.like  nodule in liver of  first human case. 
Fig.  2.  x  90.  Necroses  and  abscess-formation in lungs of  first human case.  In 
center one sporulating form. 
Fig.  3.  x  50.  Showing general  distribution  of diseased process in lungs of  first 
human case. 
Fig.  4.  x  90.  Lungs  of  first  human  case.  Air-spaces  filled  with  granulation 
tissue  consisting of  epithelioid  ceils  and  lymphocytes.  In  the  center  are  adult 
parasites enclosed in a giant cell. 
Fig.  5.  x  90.  Two abscesses containing sporulating forms in the kidney of  first 
human case. 
Fig.  6.  x  90.  Tubercle-like nodule around a glomerulus in the same kidney. 
PLATE  XXXV. 
Fig.  7.  x 90.  Tubercle-like  nodule  in  pericardium  of  second  human  case.  In 
center large giant cell containing adult forms of parasite. 
Fig.  8.  x  90.  Small  abscess  containing  sporulating  forms  in  spleen  of  first 
human case. 
Fig.  9.  x  40.  General view of  lesions in meninges of  second human case. 
Fig.  10.  x  90.  Lesions  in  meninges of  second human case.  Higher power.  In 
center small abscess with empty spore shell. 
Fig.  11.  x  90.  Tubercle-like  nodule  with  giant  cell  and  central  caseation. 
Many young and adult parasites.  Testis of Guinea-pig No. 2. 
Fig.  12.  x  17.  General view of lesions of testis of  Guinea-pig No.  3.  Tubercle- 
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PLATE  XXXVI. 
Fig.  13.  ×  340.  Testis  of  Guinea-pig  No.  3,  showing parasite  in  beginning  of 
sporulation and empty spore-shell full of polymorphonuclear leucocytes. 
Fig.  14.  x  90.  Testis of Guinea-pig No. 3.  Small abscess containing sporulating 
forms. 
Fig.  15.  × 90.  Liver  of  Rabbit  No.  2.  Extensive  necrosis  with  much  nuclear 
debris and some polymorphonuclear leucocytes in periphery. 
Fig.  16.  x  340.  Testis  of  Guinea-pig  No.  3,  showing sporulating form that has 
recently burst.  A  polymorphonuclear  leucocyte  has just  entered  through  rent  in 
capsule. 
Fig.  17.  x  340.  The  same.  Showing  granulation  tissue  with  giant  cells  and 
adult forms of parasite.  One parasite  shows folding of capsule. 
Fig.  18.  x  90.  Spleen of Rabbit No.  2. 
PLATE  XXXVII. 
Fig.  19.  x  90.  Another  part  of  liver  of  Rabbit  No. '2.  Tubercle-like nodule in 
periportal  connective  tissue.  Very early stage. 
Fig.  20.  x  90.  Lung of Rabbit No. 2.  Formation of  large giant cells by fusion 
of desquamated epithelial cells.  In one of them an adult parasite. 
Fig.  '21.  x  90.  Healed lesion in kidney of Rabbit No.  3. 
Fig.  22.  x  90.  Kidney of Rabbit No.  2. 
Fig.  23.  x  90.  Diaphragm  of  Guinea-pig  No.  2,  showing  plasma  cells  on  left 
side;  many  adult  forms;  encapsulated  sporulating  forms  in  tubercle-like  nodule 
(has been slightly retouched in order to show the sporulating parasite better). 
Fig.  24.  x  10.  General view of lesion of skull in Rabbit No. 3. 
PLATE  XXXVIII. 
Fig.  25.  Sporulation  of  pathogenic  mould  in  potato  culture,  kept  at  room 
temperature twenty days.  Spores about 8/~ in largest diameter. 
Fig.  26.  Gilchrist's mould.  Sporulating (?) forms.  Potato  culture kept at room 
temperature for twenty days.  Bodies vary  from 5-9 ~ in diameter. 
Fig.  27.  The same. 
Fig.  28.  Germination of  spores of  mould in abscess of  ear of  Rabbit  No.  4,  2nd 
day. 
Fig.  29.  Development  of  protozoon-like  bodies  from  spores of  mould in abscess 
of ear of Rabbit No.  4,  3rd day. 
Fig.  30.  Unusual form  of parasite  found  in  abscess  of  ear of Rabbit No. 4,  5th 
day. 
Fig.  31.  Germination  of  spores  of  mould  when  transferred  to  new  medium 
(gelatine  drop,  kept  at  room  temperature" for  48  hours).  The  spore  membrane 
always bursts at the side. 
Figs.  32  and  33.  Development  of  mycelium  from  protozoon-like  bodies  when 
kept in artificial media (hanging drop of  beef-tea kept for 24 hours in incubator). 
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